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CORYNEBACTERIUM CIUTaMICUM GENES ENCODING PROTEINS 
INVOLVED IN MEMBRANE SYNTHESIS AND MEMBRANE TRANSPORT 



Abstract of the Disciasure 



Isolaied nucleic acid molecules, designated MCI nucleic acid molecules, which 
encode novel MCT proreins from Corynebacjerium glutamicum are described. The 
inveniion also provides antisense nucleic acid molecules, recombinant expression 
vectors containing MCT nucleic acid molecules, and host cells into which the expression 
vectors have been introduced. The inveniion still further provides isolated MCT 
proteins, mutated MCT proteins, fusion proteins, antigenic peptides and methods for the 
improvement of production of a desired compound from C. glutamicum based on 
genetic engineering of MCT genes in this organism. 
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CORYNSBACTEJiWMGLUTAMJCUM GENES ENCODING PROTEINS 
INVOLVED IN MEMBRANE SYNTHESIS AND MEMBRANE TRANSPORT 

Background of thie Inveption 
5 Cenain products and by-produas of naturally-occurring metabolic processes in 

cells have utility in a wide array of industries, including the food, feed, cosmetics, and 
pharmaceutical industries. These molecules, collectively termed Tme chemicals'] 
include organic acids, both proieinogenic and non-proreinogenic amino acids, 
nucleotides and nucleosides, lipids and faiiy acids, diols, carbohydrates, aromatic 
10 compounds, vitamins and cofaaors, and en2ymes. Their production is most 

conveniemly performed through the large-scale culture of bacteria developed to produce 
and secrete large quantities of one or more desired molecules. One panicularjy useful 
organism for this purpose is Corynebacierium gluiamicum, a gram positive, 
nonpathogenic bacterium. Through strain selection, a number of mutant strains have 
1 5 been developed which produce an array of desirable compounds. How^r ver. seleaion of 
strains improved for the production of a panicular molecule is a time-consuming and 
difficult process. 

Summary of the Invention 

0 This invention provides novel nucleic acid molecules which may be used to 

identify or classify Coryne bacterium glvtamicum or related species of bacteria. C 
glutamicum is a gram positive, aerobic bacterium ^yhich is commonly used in industry 
for the large-scale production of a variety of fine chemicals, and also for the degradation 
of hydrocarbons (such as in peu-oleum spills) and for the oxidation of terpenoids. The 
nucleic acid molecules therefore can be used to identify microorganisms which can be 
used to produce fme chemicals, e.g., by feinieniation processes. While C. gluiamicum 
itself is nonpathogenic, it is related to other Corynebacterium species, such as 
Coryrjebacierium diphiherioe (the causative agent of diphtheria), which are important 
human pathogens. ITie ability to identify the presence of Corynebaaerium species 
therefore also can have significant clinical relevance, e.g.. diagnostic applications. 
Funher, these nucleic acid molecules may serve as reference points for the mapping of 
the C. ^/wow/cwm genome, or of genomes of related organisms. 

These novel nucleic acid molecules encode proteins, referred to herein as 
membrane construction and membrane iranspon (MCT) proteins. These MCT proteins 
are capable of. for example, performing a ftmciion involved in the metabolism (e.g., the 
biosynthesis or degradation) of compounds necessary for membrane biosynthesis, or of 
assisting in the u^membrane transport of one or more compounds either into or out of 
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the cell. Given Ae availabiliiy of cloning veciors for use in C oryne bacterium 
gluiamk um, such zs ihose disclosed in Sinskey et al., U.S. Patent No. 4,649.1 19, and 
techniques for genetic manipulation of C gluiumicum and the related Br^^vibacttnum 
species (e.g., laciofermenmm) (Yoshihama ei zX,J. Bocieriol. 162: 591-597 (1985); 
Katsumataeial.. J. BacterioL 159: 306-311 (1984). and Saniamaiia et al., J. Cen. 
Microbiol. 1 30: 2237-2246 (1984)), the nucleic acid molecules of the invention may be 
utilized in the genetic engineering of this organism to make it a bener or more efficient 
producer of one or more fine chemicals. This improved production or efficiency of 
production of a fine chemical may be due to a direct effect of manipulation of a gene of 
the invention, or it may be due to an indirea effea of such manipulation. 

There are a number of mechanisms by which the alteration of aii MCT protein of 
the invention may directly affect the yield, production, and/or efficiency of production 
of a fine chemical from a C. glutumicum strain incorporating such an altered protein. 
Those MCT proteins involved in the export of fine chemical molecules from the cell 
may be increased in number or activity such that greater quantities of these compounds 
are secreted to the extracellular medium. 6om which they are more readily recovered. 
Similarly, those MCT proteins involved m the import of nutrients necessary for the 
biosynthesis of one or more fine chemicals (e.g., phosphate, sulfate, nitrogen 
compounds, etc.) may be increased in number or activity such that these precursors, 
cofattors, or intermediate compounds are increased in concentration within the cell. 
Funher, fatty acids and lipids themselves are desirable fine chemicals; by optimizing the 
activity' or increasing the number of one or more MCT proteins of the invention which 
panicipate in the biosynthesis of these compounds, or by impairing the activity of one or 
more MCT proteins which are involved in the degradation of these compounds, it may 
be possible to increase the yield, production, and/or efficiency of production of fany 
acid and lipid molecules from C. glutamicum. 

The mutagenesis of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirenly impact the produaion of one or 
more desired fine chemicals from C .glutumicum. For example, MCT proteins of the 
invention involved in the export of waste produas may be increased in number or 
activity such that the normal metabolic wastes of the cell (possibly increased in quantity 
due to the overproduction of the desired fine chemical) are efficiently exported before 
they are able to damage nucleotides and proteins within the cell (which would decrease 
the viabiUty of the cell) or to interfere with fine chemical biosyntheiic pathways (which 
would decrease the yield, production, or efficiency of production of the desired fine 
chemical). Further, the relatively large intracellular quantities of the desired fme 
chemical may in itself be toxic to the cell, so by increasing the acdviiy or number of 




aansporters able to expon this compound from .he cell, one may mcrease ±e v.ab ht> of 
L cITl in culxure, in mm leading a greater number of cells in .he culture produc ng 

desired fine chemical. The MCT proteins of the invention may also be mampula^d 
such that the relative amounts of different lipid and fatty acid molecules are produced. 
This may have a profound effect on the lipid composition of the membrane of the cell. 
Since each type of lipid has different physical propenies. an aheration m the hpid 
composition of a membrane may significantly alter membrane fluidity. Changes m 
menfbrane fluidity can impact the transpon of molecules across the membrane, as well 
as the integrity of the cell, both of which have a profound effect on the producnon of 
) fine chemicals &omC.^/u/u.,/a.m in large-scale fermentative c^^^^^ 

The invention provides novel nucleic acid molecules which encode protems, 
refexxed to herein as MCT proteins, which are capable of. for example, panicipatmg m 
the metabolism of compounds necessary for the constn^ction of cellular memb^^^^^^ 

C. g/ur../c.m. or in the transport of molecules across these membrane. 
5 molecules encoding an MCT protein are referred to herein as MCT nucleic acid 

molecules. In a preferred embodiment, the MCT protein panicipates m the metabohsm 
of compounds necessary for the construction of cellular membranes in C. glu,am,curr, 
or in the transport of molecules across these membranes. Examples of such proiems 

include those encoded by the genes set forth in Table 1. , 
.0 Accordingly, one aspect ofthc invention pertains to isolated nucleic ac^ 

■ molecules Ce.g.. cDN.-^s) comprising a nucleotide sequence encoding an MCT protem or 
biologically active portions thereof, as well as nucleic acid fragments suitable as pruners 
or hybridi^tion probes for the detection or amplification of MCT-encoding nucleic acid 
teg DNAormR^JA). In particularly preferred embodiments, the isolated nucleic acid 

>5 mokcule comprises one of the nucleotide sequences set forth in Appendix A or the 
coding region or a complement thereof of one of these nucleotide sequences. In other 
particularly preferred embodiments, the isolated nucleic acid molecule of ti.e mvention 
comprises a nucleotide sequence which hybridize, to or is at least about 50%, preferably 
at least about 60%. more preferably at least about 70%, 80% or 90o/„, and even more 

30 preferably at least about 95%. 96%. 97%. 98%, 99% or more homologous to a 

nucleotide sequence set forth in Appendix A, or a portion thereof. In other preferred 
embodiments, the isolated nucleic acid molecule encodes one of the amino acid 
sequences set forth in Appendix B. The preferred MCT proteins of the present mvention 
also preferably possess at least one of the MCT activities described her«n. 

35 In another embodiment, the isolated nucleic acid molecule encodes a protem or 

portionthereofwhcreinthcproteinorportionthereofincludesanaminoaddseque^ 
which is sufficiently homologous to an amino acid sequence of Appendix B, e.g.. 
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sufficiently homologous lo an amino acid sequence of Appendix B such that the protein 
or portion thereof maintains an MCT activity. Preferably, the protein ox portion thereof 
encoded by the nucleic acid molecule maintains the ability to participate in the 
metaboUsm of compounds necessary for the construction of cellular membranes in C. 
5 gluiamcum. or in the transpon of molecules acTOSs these membranes. In one 

embodiment, the protein encoded by the nucleic acid molecule is at least about 50%, 
preferably at least about 60%. and more preferably at least about 70%, 80%, or 90% and 
most preferably at least about 95%, 96%. 97%, 98%. or 99% or more homologous to an 
amino acid sequence of Appendix B (e.g.. an entire amino acid sequence selected from 
1 0 those sequences set forth in Appendix B). In another preferred embodiment, the protein 
is a full length C. glutamicum protein v^hich is substantially homologous to an entire 
ainixio acid sequence of Appendix B (encoded by an open reading frame shown in 
Appendix A). 

In another preferred embodiment, the isolated nucleic acid molecule is derived 
1 5 from C giuTamicum and encodes a protein (e.g., an MCT ftision protein) which includes 
a biologically active domain which is at least about 50% or more homologous to one of 
the amino acid sequences of Appendix B and is able to panicipaie in the metabolism of 
compounds necessary for the construction of cellular membranes in C glviamicum, or in 
the transpon of molecules across these membranes, or has one or more of the activities 
20 set forth in Table 1 , and which also includes heterologous nucleic acid sequences 
encoding a heterologous polypeptide or regulatory regions. 

In another embodiment, the isolated nucleic acid molecule is at least 1 5 
nucleotides in length and hybridizes under stringent conditions to a nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. Preferably, the isolated 
^25 nucleic acid molecule corresponds to a naiurally-occurring nucleic acid molecule. More 
preferably, the isolated nucleic acid encodes a naturally-occurring C. glutamicum MCT 
protein, or a biologically active ponion thereof. 

Another aspea of the invention pertains to vectors, e.g.. recombinant expression 
vectors, containing the nucleic acid molecules of the invention, and host cells into Nvhich 
30 such vectors have been inoroduced. In one embodiment, such a host cell is used to 
. produce an MCT protein by cultuiing the host cell in a suitable medium. The MCT 
protein can be then isolated from the medium or the host cell. 

Yet another aspect of the invention pertains to a genetically altered 
microorganism in which an MCT gene has been introduced or altered. In one 
3 5 embodiment, the genome of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding wild-type or mutated MCT sequence as 
a transgeue. In another embodiment, an endogenous MCT gene within the genome of 



the microorganism has been aliered. e.g.. functionally disrupted, by homologous 
recombination with an altered MCT gene. In a preferred embodiment, the 
microorganism belongs to the genus Carynebacrerium or Brevibacierium, with 
Corynebocrerium gluiamicum being particularly preferred. In a preferred embodiment. 
5 the microorganism is also for the production of a desired compound, such as an 

amino acid, with lysine being particularly preferred. 

Still another aspect of the invention penains to an isolated MCT protein or a 
portion, e.g.. a biologically active portion, thereof. In a preferred embodimeitt, the 
isolated MCT protein or ponion thereof can participate in the metabolism of compounds 
1 0 necessary for the consuuaion of cellular membranes in C. glurawicum, or in the 

transport of molecules across these membranes. In another preferred embodiment, the 
isolated MOT protein or portion thereof is sufficienUy homologous to an amino acid 
sequence of Appendix B such that the protein or portion thereof maintains the ability xo 
participate in the metabolism of compounds necessary for the construction of cellular 
1 5 membranes in C. gluiamicum, or in the transport of molecules across these membranes. 
The invention also provides an isolated preparation of an MCT protein. In 
preferred embodiments, the MCT protein comprises an amino acid sequence of 
Appendix B. In another preferred embodimem. the invention pertains to an isolated full 
length protein which is substantially homologous to an entire amino acid sequence of 
20 Appendix B (encoded by an open reading frame set forth in Appendix A). In yet 

another embodiment, the protein is at least about 50%, preferably at least about 60%, 
and more preferably at least about 70%, 80%, or 90%, and most preferably at least about 
95%, 96%, 97%, 98%, or 99% or more homologous to an entire amino acid sequence of 
App^dix B. In other embodiments, the isolated MCT protein comprises an amino acid 
25 sequence which is at least about 50% or more homologous to one of the amino acid 
sequences of Appendix B and is able to participate in the metabolism of compounds 
necessary for the construction of cellular membranes in C gluiamicum, or in the 
transpon of molecules across these membranes, or has one or more of the activities set 
forth in Table 1. 

30 Alternatively, the isolated MCT protein can comprise an amino acid sequence 

which is encoded by a nucleotide sequence which hybridizes, e.g., hybridizes under 
srringeni conditions, or is at least about 50%. preferably at least about 60%, more 
preferably at least about 70%. 80%, or 90%. and even more preferably at least abom 
95% 96%, 97%, 98,%, or 99% or more homologous, to a nucleotide sequence of 

35 App^dix B. It is also preferred that the preferred forms of MCT proteins also have one 
or more of the MCT bioactiviiies described herein. 
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The MCT polypepiide. or a biologically active portion thereof, can be 
operaiively linked to a non-MCT polypeptide to form a fusion protein. In preferred 
embodiments, this fusion protein has an activity which differs from ihat of the MCT 
protein alone. In other preferred embodiments, this fusion protein participate in the 
5 metabolism of compounds necessary for the constiuaion of cellular membranes in C 
gluiamicum, OT in the transpon of molecules across these membranes. In panicularly 
preferred embodiments, iniegraiion of this fusion protein into a host cell modulates 
production of a desired compound from the cell. 

Another aspeCT of the invention pertains to a method for producing a fine 
10 chemical. This method involves the culmring of a cell containing a veaor directing the 
expression of an MCT nucleic acid molecule of the invention, such that a fme chemical 
is produced. In a preferred embodiment, this method fiirther includes the step of 
obtaining a cell containing such a vector, in which a cell is transfecied with a vector 
directing the expression of an MCT nucleic acid. In another preferred embodiment, this 
1 5 method further includes the step of recovering the fine chemical from the culture. In a 
panicularly preferred embodiment, the cell is from the genus Corynebocttrium or 
Brevibacterium, or is selected from those strains set forth in Table 3. 

Another aspect of the invention pertains to methods for modulating production of 
a molecule from a microorganism. Such methods include contacting the cell with an 
20 agent which modulates MCT protein aaivity or MCT nucleic acid expression such That a 
cell associated activity is altered relative to this same activity in the absence of the 
agent. In a preferred embodiment, the cell is modulated for one or more C. gluwmicum 
metabolic pathways for cell membrane components or is modulated for the transport of 
compounds across such membranes, such that the yields or rate of production of a 
25 desired fine chemical by this microorganism is improved. The agent which modulates 
MCT protein aaiviry can be an agent which stimulates MCT protein activity or MCT 
nucleic acid expression. Examples of agents which stimulate MCT protein acriviiy or 
MCT nucleic acid expression include small molecules, active MCT proteins, and nucleic 
acids encoding MCT proteins that have been introduced into the cell- Examples of 
30 agents which inhibit MCT activity or expression include small molecules and antiscnse 
MCT nucleic acid molecules. 

Another aspea of the invention pertains to methods for modulating yields of a 
desired compound from a cell, involving the introduction of a wild-type or mutant MCT 
gene imo a cell, either maintained on a separate plasmid or integrated into the genome of 
35 the host cell. If integrated into the genome, such integration can be random, or il can 
take place by homologous recombination such thai the native gene is replaced by the 
introduced copy, causing the production of the desired compound from the cell to be 
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modulaied. in a preferred embodimeni, said yields are increased. In another preferred 
embodimeni, said chemical is a fine cheniical. In a panicularly preferred embodimeni, 
said fine chemical is an amino acid. In especially prefened embodimenis, said amino 
acid is L-lysine. 

Detailed Description of the Invention 

The present invention provides MCT nucleic acid and protein molecules which 
are involved in the metabolism of cellular membrane components in C . elutamicum or 
in the transport of compounds across such membranes. The molecules of the invention 
may be utilized in the modulation of production of fine chemicals firom microorganisms, 
such as C. ghtamic um. either directly (e.g.. where overexpression or optimization of a 
fany acid biosynthesis protein has a direct impact on the yield, production, and/or 
efficiency of production of the fatty acid from modified C gluiamicum), or an indirea 
impact which nonetheless results in an increase of yield, production, and/or efficiency of 
production of the desired compound (e.g.. where modulation of the metabolism of cell 
membrane components results in alterations in the yield, production, and/or efficiency of 
production or the composition of the cell membrane, which in turn may impaa the 
production of one or more fine chemicals). Aspects of the invention are further 

explicated below. 

1. Fine Chemicals 

The term 'fine chemical' is an-recognized and includes molecules produced by^ 
an organism which have applications in various industries, such as, bui not limited to, 
the pharmaceutical, agriculture, and cosmetics industries. Such compounds include 
organic acids, such as tartaric acid, iiaconic acid, and diaminopimelic acid, both 
proieinogenic and non-proteinogenic amino acids, purine and pyrimidinc bases, 
nucleosides, and nucleotides (as described e.g. in Kuninaka. A. (1996) Nucleotides and 
related compounds, p. 561-612. in Biotechnology vol. 6, Rehra et al.. eds. VCH: 
Weinheim, and references contained Aerein), Upids, both samrated and unsaturated fatty 
acids (e.g., arachidonic acid), diols (e.g.. propane diol, and butane diol), carbohydrates 
(e.g., hyaluronic acid and trehalose), aromatic compounds (e.g., aromatic amines, 
vanillin, and indigo), vitamins and cofactors (as described in Ulbnann's Encyclopedia of 
Industrial Chemistry, vol. A27. -Vitamins", p. 443-613 (1996) VCH: Weinheim and 
references therein; and Ong. A.S.. Niki. E. & Packer. L. (1995) "hiuirition. Lipids. 
Health, and Disease" Proceedings of the UNESCO/Confederation of Scientific and 
Technological Associations in Malaysia, and the Society for Free Radical Research - 
Asia, held Sept. 1-3. 1994 at Penang. Malaysia, aOCS Press. (1995)). enzymes, and aU 
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oiher chemicals described in Guicho (1983) Chemicals by Fermenuirion, Noyes Data 
Corporation, ISBN: 0818805086 and references therein. The metabolism and uses ot 
certain of these fine chemicals are ftmher explicated below. 

5 fi^ Amino Acid Metabolism and Uses 

Amin. acids comprise 4= basic siructuial units of all prccin., and as s«:h axe 
essential toBOnnal cellular fimcuoning in all organisms. The term -aminn aod .san- 

recognized. The p»,einogenic amino acids, of which toe are 20 ^ 
snucural units for proteins, in »hich4ey are linlced by peptide bonds. *We the 

10 nonproteinosenicarnino acids (hundreds Of Which are la>ov., are n^nonnal^^ 

pro«=ins (see Uhnann's Encyclopedia of Irulustrial Chemistry, vol. ^. p. 
*einheim(l985,,, A„>i„o acids may be in d» D- or L- optical confieurauon. though L- 

amino acids are generally the only type found in naturally^occumng protems. _ 
Biosynthedcanddeeradativepathwaysofeachofthe20pro«.inog«ucam.noac.ds 

15 have been well characteri^d in both p»karyotic- and eukaryotic celU (see for examp e 
Stn-er L Biochemistry. 3" edition, pages 578-590 (1988)). The ressenttal ammo acds 
(Msudine. isoleucine. leucine, lysine, methionine, phenylalanine, threonine, tryptophan, 
and valine), so named because ^ are generally a nuuStional requirement due to Ae 
complexity of d>eir biosynthesis, are readily converted by simple biosynti^nc path^ys 

20 to the remaining 1 1 -nonessential- amino acids (alanine, arginine. asparagme. asparute. 
cvsuHne. glutamate. glutamine. glycine, proline, serine, and tyrosine), ftgher ammals 
do retain the ability to synthesize some of these amino acids, bu, the essentuil ammo 
acids must be supplied from the diet in order for normal protein synthesis m occur. 
Aside from their function in protein biosynthesis, these amino acids are 

25 interesting chemicals in their own right, and many have been found to have various 
applications in the food. feed, chemical, cosmetics, agriculmre. and phannaceutical 
industries. Lysine is an important amino acid in the nutrition not only of humans, but 
also of monogastric animals such as poultry and swine. Glutamate is most commonly 
used as a flavor additive (mono-sodium glutamate. MSG) and is Widely used throughout 

30 the food industc. as are aspartate, phenylalanine, glycine, and cysteme. Glycme. L- 
methionine and tryptophan are all utHized in the pharmaceutical indusu,. Glu«mme. 
valine, leucine, isoleucine, hisudine. arginine. proline, serine and alamne are of me m 
both the pharmaceutical and cosmetics indusDies. Threonine, tryptophan, and D/ L- 
methionine are common feed addidves. (Leuchtenberger, W. (1996) Arniuo aids- 

35 technical production and use. p. 46^502 in Rehm et al. (eds.) Biotechnology voL 6^ 
Chapter 14a, VCH: Weinheim). Additionally, these amino acids have been found to be 
useL as precursors for the synthesis of synthetic amino acids and protems. such as N- 
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acerylcysreine. S-carboxymethyl-L-cysteine. CS)-5-hydroxytryp:oph^. -'^ 
described in Ulmann's Encyclopedia of Industrial Chemistry, vol. A2. p. 57-97, VCH. 
Weinheim, 1985. 

The biosynthesis of these natural amino acids in orgamsms capable of 
5 producing them, such as bacteria, has been well characterized (for review of bactenal 
Lino acid biosynthesis and regulation thereof, see Umbarger. H.E.C1978) ^.n, /i.v. 
Biochem 47- 533-606). Glutamate is synthesized by the reductive ammataon of a- 
ketoglutaratc. an intermediate in the citric acid cycle. Glutamine, proline, and argimne 
arc each subsequently produced from glutamate. The biosynthesis of serine .s a three- 
10 step process beeinning with 3-phosphoglycerate (an intermediate m glycolyses), a,^ 
resulLg in this amino acid after oxidation, transamination, and ^^^^^^ 
cysteine and glycine are produced from serine; the former by the condensanon of 
■ homocysteine with serine, and the laner by the transferal of the side-cham P-carbon 
atom to tetrahydrofolate, in a reaction catalyzed by serine transhydroxymethylase. ^ 
15 Phenylalanine, and tyrosine are synthesized from the glycolytic and pentose phosphate 
pathway precursors eiythrose4-phosphate and phosphoenolpyruvate m a 9-step 

biosynthetic pathway that differ only at the final two steps after synthesis of prephenate. 
Tryptophan is also produced from these two initial molecules, but its synthesis is an U- 
step pathway.^ Tyrosine may also be synthesized from phenylalanine, in a reacuon 
catalyzed by phenylalanine hydroxylase. Alanine, valine, and leucine are all 
biosynthetic produas of pyruvate, the final product of glycolysis. Aspanate is fomied 
from oxaloacetate. an intemiediate of the citric acid cycle. Asparagine. methiomne, 
threonine, and lysine are each produced by the conversion of aspartate. Isoleucme is 

fonned from threonine. A complex 9.step pathway results in the producnon of hisudme 

-^5 from 5-phosphoribosyl-l-pyrophosphate. an activated sugar. 

Amino acids in excess of the protein synthesis needs of the cell camiot be stored, 
and are instead degraded to provide intermediates for the major metabolic padiways of 
the cell (for review see Stryer. L. Biochemistry 3'- ed. Ch. 21 "Amino Acid Degradation 
and the Urea Cycle" p. 495-516 (1988)). Although the cell is able to convert unwanted 

30 amino acids into usefiU metabolic intemiediates. amino acid production is costiy m 
terms of energy, precursor molecules, and the enzymes necessary to synthesize them. 
Thus it is not surprising that amino acid biosynthesis is regulated by feedback mhibition. 
in which the presence of a particular amino acid serves to slow or entirely stop its own 
production (for overview of feedback mechanisms in amino acid biosynUienc pathways 

35 see Stryer. L. Biochemistry. 3" ed. Ch. 24: -Biosynthesis of .Amino Acids and Heme p. 
575-67o(l988)). Thus, the output of any particular amino acid is limited by the amount 

of that amino acid present in the cell. 
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B Vitamin Cofactor. and Nurraceutical Metabolism and Uses 

Vitamins, cofeciors. and nutraceuticals comprise anoiher group of molecules 
which the higher animals have lost the ability u> synthesize and so mast ingest, although 
ihey are readily synthesized by other organisms such as bacteria. These molecules axe 
either bioaciive substances themselves, or are precursors of biologically active 
substances which may serve as electron carriers or intermediates in a variety of 
metabolic pathways. Aside from their nutritive value, these compounds also have 
significant industrial value as coloring agents, antioxidants, and catalysts or other 
processing aids. (For an overviev. of the stmcture. activity, and industrial applications 
of these compounds, see. for example. Ullman's Encyclopedia of Industrial Chemistry, ^ 
-Vitamins" vol. A27. p. 443-613. VCH: Weinheim. 1996.) The term "vitamm" is an- 
recognized and includes nutrients which are required by an organism for normal 
fimctioning, but which that organism cannot synthesize by itself. The group of vitamins 
1 5 may encompass cofactors and nuiraceutical compounds. The language "cofactor" 
includes nonproteinaceous compounds required for a normal enzymatic acnvity to 
occur Such compounds may be organic or inorganic; the cofactor molecules of the 
invention are preferably organic. The term "nutraceutical" includes dietary supplements 
having health benefits in plants and animals, panicularly humans. Examples of such 
20 molecules are vitamins, antioxidants, and also certain lipids (e.g.. polyunsaturated fatty 
acids). 

The biosynthesis of these molecules in organisms capable of producmg them, 
such as bacteria, has been largely characterized (Ullman's Encyclopedia of Industrial 
Chemistry. -Vitamins" vol. A27. p. 443-613, VCH: Weinheim, 1996; Michal, G. (1999) 
^5 Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology. John Wiley 
& Sons; Ong, A.S.. Nild, £. & Packer. L. (1 995) -Nunriiion, Lipids. Health, and 
Disease" Proceedings of the UNESCO/Confederation of Scientific and Technological 
Associations in Malaysia, and the Society for Free Radical Research - Asia, held Sept. 
1 -3 1 994 at Penang, Malaysia, AOCS Press: Champaign, IL X, 374 S). 

Thiamin (vitamin Bi) is produced by the chemical coupling of pyrimidine and 
thiazole moieties. Riboflavin (vitamin Bj) is synthesized from guanosine-S '-triphosphate 
(GTP) and ribose-5'-phosphate. Riboflavin, in turn, is utilized for the synthesis of flavin 
mononucleotide (FMN) and flavin adenine dinucleotide (FAD). The family ot 
compounds collectively termed 'vitamin B.^ (e.g.. pyridoxine, pyridoxamine. pyndoxa- 
35 5'-phosphate. and the commercially used pyridoxin hydrochloride) are all derivatives of 
the common structural unit. 5-hydroxy-6-methylpyridine. Pantothenate (pantothemc 
acid (R).(^>N-(2,4-dihydroxy.3.3-dimethyl-l-oxobutyl)-^alanine) can be produced 
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either by chemical synthesis or by fermentation. The final steps in pantothenate 
biosynthesis consist of the ATP-driven condensation of p-alanine and pantoic acid. The 
enzymes responsible for the biosynthesis steps for the conversion to pantoic acid, to P- 
alanine and for the condensation to panthotenic acid are known. The meiabolically 
5 active form of pantothenate is Coenzyme A, for which the biosynthesis proceeds in 5 
enzymatic steps. Pantothenate, pyridoxal-5' -phosphate, cysteine and aTP are the 
precursors of Coenzyme A. These enzymes not only catalyze the formation of 
panihothante, but also the production of (R)-pantoic acid, (R)-paniolacton, (R)- 
panthenol (provitamin Bs)* pantetheine (and its derivatives) and coenzyme A. 

1 0 Biotin biosynthesis from the precursor molecule pimeloy 1-CoA in 

microorganisms has been studied in detail and several of the genes involved have been 
identified. Many of the corresponding proteins have been found to also be mvolved in 
Fe-cluster synthesis and are members of the nifS class of proieins. Lipoic acid is 
derived from ocianoic acid, and serves as a coenzyme in energy metabolism, where it 

15 becomes pan of the pyruvate dehydrogenase complex and the a-ketogluxarate 

dehydrogenase complex. The folates are a group of substances which are all derivatives 
of folic acid, which is turn is derived from L-glutamic acid, p-amino-benzoic acid and 6- 
methylpierin. The biosynthesis of folic acid and its derivatives, staning from the 
metabolism intermediates guanosine-5' -triphosphate (GTP), L-glutamic acid and p- 

20 amino-benzoic acid has been studied in detail in certain microorgaiiisms. 

Coninoids (such as the cobalamines and panicularly vitamin B12) and 
porphyrines belong to a group of chemicals characterized by a letrapyrole ring system. 
The biosynthesis of vitamin B12 is sufficienily complex that it has not yet been 
completely characterized, but many of the enzymes and substrates involved are now 

25 known. Nicotinic acid (nicotinatej, and nicoiinanaide are pyridine derivatives which are 

^ also termed "niacin'. Niacin is the precursor of the important coenzymes NAD 

(nicotinamide adenine dinucleotide) and NADP (nicotinamide adenine dinucleotide 
phosphate) and their reduced forms. . 

The large-scale produaion of these compounds has largely relied on cell-free 

30 chemical syntheses, though some of these chemicals have also been produced by large- 
scale culture of microorganisms, such as riboflavin, Viianxin B*; pantothenate, and 
biotin. Only Vitamin B12 is produced solely by fermentation, due to the complexity of 
its synthesis. In virro methodologies require significant inputs of materials and time, 
often at great cost. 
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C. Purine. Pyrimidine. Nucleoside and Nucleotide Meiabolism and Uses 

Purine and pyrimidine metabolism genes and Aeir corresponding proteins are 
important targets for the therapy of mmor diseases and viral infections. The language 
-purine" or -pyrimidine" includes the nitrogenous bases which are constituents of 
5 nucleic acids, co-enzymes, and nucleotides. The lenn "nucleotide" includes the basic 
sirucTural units of nucleic acid molecules, v/hich are comprised of a nitrogenous base, a 
pentose sugar (in the case of RNA, the sugar is ribose; in the case of DNA. the sugar is 
D-deoxyribose), and phosphoric acid. The language "nucleoside" includes molecules 
which serve as precursors to nucleotides, but which are lacking the phosphoric acid 
10 moiety that nucleotides possess. By inhibiting the biosynthesis of these molecules, or 
their mobilization to form nucleic acid molecules, it is possible to inhibit R>JA and DNA 
synthesis; by inhibiting tiiis activity in a fashion targeted to cancerous cells, the ability 
of rumor cells to divide and replicate may be inhibited. Additionally, there are 
nucleotides which do not form nucleic acid molecules, but rather serve as energy stores 
1 5 (i.e., AMP) or as coenzymes (i.e., FAD and NAD). 

Several publications have described the use of these chemicals for these medical 
indications, by influencing purine and/or pyrimidine metabolism (e.g. Chrisiopherson. 
R.I. and Lyons, S.D. (1 990) "Potent inhibitors of de novo pyrimidine and purine 
biosynthesis as chemotiierapcuric agents." Med Res. Reviews 10: 505-548). Studies of 
20 enzymes involved in purine and pyrimidine metabolism have been focused on the 

development of new drugs which can be used, for example, as inmiunosuppressants or 
ann-proliferants (Smitii, J.L., (1995) "Enzymes in nucleotide syntiiesis." Curr. Opin. 
Sirucr Biol 5: 752-757; (1995) Biochem Soc. Transaci. 23: 877-902). However, purine 
and pyrimidine bases, nucleosides and nucleotides have other utilities: as intermediates 
25 in the biosynthesis of several fine chemicals (e.g., thiamine, S-adenosyl-methionine, 
folates, or riboflavin), as energy carriers for the cell (e.g., ATP or GTP), and for 
chemicals themselves, commonly used as flavor enhancers (e.g., IMP or GMP) or for 
several medicinal applications (see, for example. Kuninaka, A. (1996) Nucleotides and 
Related Compounds in Biotechnology vol. 6, Rehm et al.. eds. VCH: Weinheim, p. 561- 
30 612). Also, enzymes involved in purine, pyrimidine, nucleoside, or nucleotide 
metabolism are increasingly serving as targets against which chemicals for crop 
protection, including lungicides, herbicides and insecticides, are developed. 

The metabolism of these compounds in bacteria has been charaaerizcd (for 
reviews see. for example, Zalkin, H. and Dixon. J.E. (1992) -de novo purine nucleotide 
35 biosynthesis", in: Progress in Nucleic Acid Research and Molecular Biology, vol. 42, 
Academic Press:, p. 259-287; and Michal, G. (1999) "Nucleotides and Nucleosides", 
Chapter 8 in: Biochemical Padiways: An Adas of Biochemistry and Molecular Biology, 
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Wiley: New York). Purine meiabolism has been ihe subjea of intensive research, and is 
essential to the normal functioning of the cell. Impaired purine metabolism in higher 
animals can cause severe disease, such as gout. Purine nucleotides are synthesized from 
ribose-5-phosphate. in a series of steps through the intermediate compound inosine-5'- 
5 phosphate (IMP), resulting in the produaion of gtxanosine-S' -monophosphate (GMP) or 
adenosine-5 '-monophosphate (AMP), from which the triphosphate forms utilized as 
nucleotides are readily formed. These compounds are also utilized as energy stores, so 
their degradation provides energy for many different biochemical processes in the cell. 
Pyrimidine biosynthesis proceeds by the fonmatipn of uridine-5 '-monophosphate (UMP) 
10 from ribose-5-phosphaie. UMP, in turn, is convened to cytidine-5 '-triphosphate (CTP). 
The deoxy- fomis of all of these nucleotides are produced in a one step reduaion 
reaction from the diphosphate ribose form of the nucleotide to the diphosphate 
deoxyribose form of the nucleotide. Upon phosphorylation, these molecules are able to 
panicipate in DNA synthesis. 

15 

D. Trehalose Metabolism and Uses 

Trehalose consists of two glucose molecules, bound in a, a-1,1 linkage. It is 
commonly used in the food industry as a sweetener, an additive for dried or frozen 
foods, and in beverages. However, it also has applications in the pharmaceutical, 

20 cosmetics and biotechnology industries (see. for example, Nishimoto et al., (1998) U.S, 
Patent No. 5J59,610; Singer, M.A. and Lindquist, S/(1998) Trends Biotech, 16: 460- 
467; Paiva, C.L.A. and Panek, A.D. (1996) Btoxech Ann. Rev. 2: 293-314; and 
Shiosaka, M. (1997) J. Japan 172: 97-102). Trehalose is produced by enzymes from 
many microorganisms and is naturally released into the surrounding medium, from 

25 which it can be collected using methods known in the an. 

II, Membrane Biosynthesis and Transmembrane Transpon 

Cellular membranes serve a variety of frmctions in a cell. First and foremost a 
Vnembrane differentiates the contents of a cell from the surrounding environment, thus 
30 giving integrity to the cell. Membranes may also serve as barriers to the influx of 
hazardous or . unwanted compoimds, and also to the efilux of desired compoimds. 
Cellular membranes are by nature impervious to the xmfacilitated diffusion of 
hydrophilic compounds such as proteins, water molecules and ions due to their structure: 
a bilayer of lipid molecules in which the polar head groups face outwards (towards the 
5 exterior and interior of the cell, respectively) and the nonpolar tails face inwards at the 
center of the bilayer, forming a hydrophobic core (for a general review of membrane 
structure and function, see Gennis, R.B- (1989) Biomemhranes, Molecular Structure and 



Funcixon, Springer: Heidelberg). This barrier enables cells to maintain a relatively 
higher concentration of desired compounds and a relatively lower concentration of 
undesired compounds than are contained within the surrounding medium, since the 
diffusion of these compounds is effectively blocked by the membrane. 
However, the membrane also presents an effective barrier to the impon of desired 
compounds and the expon of waste molecules. To overcome this difficulty, cellular 
membranes incorporate many kinds of uansponer proteins which are able to facilitate 
the transmembr^e transpon of different kinds of compounds. There are two general 
classes of these transpon proteins: pores or channels and iransponeis. The fomier are 
integral membrane proteins, sometimes complexes of proteins, which form a regulated 
hole through the membrane. This regulation, or 'gating' is generally specific to the 
molecules to be transponed by the pore or channel, rendering these transmembranit; 
constructs selectively permeable to a specific class of substrates; for example, a 
potassium channel is constructed such that only ions having a like charge and siire to thai 
of potassium may pass through. Chaimel and pore proteins tend to have discrete 
hydrophobic and hydrophilic domains, such that the hydrophobic face of the protein 
may associate with the interior of the membrane while the hydrophilic face lines the 
interior of the chaimel, thus providing a sheltered hydrophilic envirormient through 
which the selected hydrophilic molecule may pass. Many such pores/channels are 
known in the an, including those for potassium, calcium, sodium, and chloride ions. 

This pore and chaimel -mediated system of facilitated difiusion is limited to very 
small molecules, such as ions, because pores or channels large enough to permit the 
passage of whole proteins by facilitated diffusion would be unable to prevent the 
passage of smaller hydrophilic molecules as well. Transpon of molecules by this process 
is sometimes termed 'facilitated diffusion' since the driving force of a concentration 
gradient is required for the iraxispon to occur. Permeases also permit facilitated 
diffusion of larger molecules, such as glucose or other sugars, into the cell when the 
concentration of these molecules on one side of the membrane is greater than that on the 
other (also called "unipon'). In contrast to pores or channels, these integral membrane 
proteins (often having between 6-14 membrane-spanning a-helices) do not form open 
channels through the membrane, but rather bind to the target molecule at the surface of 
the membrane and then undergo a conformational shift such that the target molecule is 
released on the opposite side of the membrane. 

However, cells frequently require the impon or expon of molecules against the 
existing concentration gradient ('active transpon' J, a situation in which facilitated 
difiEusion cannot occur. There arc two general mechanisms used by cells for such 
membrane transpon: sympon or antipon, and energy-coupled transpon such as that 



mediaied by the ABC rransponers. Sympon and antipon systems couple ihe movemeni 
of two different molecules across the membrane (via permeases having two separate 
binding sires for the two different molecules); in sympon, both molecules are 
transponed in the same direction, while in antiport, one molecule is imponed while the 
other is exponed. This is possible energetically because one of the two molecules 
moves in accordance with a concentration gradiem. and this energetically favorable 
event is permiued only upon concomitant movemeni of a desired compound against the 
prevailing concentration gradient. Single molecules may be transponed across the 
membrane against the concentration gradient in an energy^driven process, such as that 
utilized by the ABC iransponers. In this system, the transpon protein located in xhe 
membrane has an ATP-binding cassene; upon binding of the target molecule, the ATP is 
converted to aDP + Pi, and the resulting release of energy is used to drive the 
movement of the target molecule to the opposite face of the membrane, facilitated by the 
iransponer. For more detailed descriptions of all of these tianspon systems, see: 
Bamberg, E. et al., (1993) *^Charge transpon of ion pumps on lipid bilayer membranes", 
a Rev Biophys, 26: 1 -25 ; f indlay , J.B.C. (1991) "Structure and function in membrane 
transpon sysiems*\ Cx*rr Opin. Srrucr, Biol. 1:804-810; Higgins, C.F. (1992) "ABC 
transponers from microorganisms to man", Ann, Rev. CtU Biol, 8: 67-1 13; Gennis, R.B. 
(1989) "Pores, Channels and Transponers", in: Biomembranes, Molecular Stnicture and 
Funcrion. Springer: Heidelberg, p. 270-322; and Nikaido, H. and Saier, H. (1992) 
*Transpon proteins in bacteria: common themes in their design", Science 258: 936-942, 
and references contained within each of these references. 

The synthesis of membranes is a well-characterized process involving a number 
of componenis, the most imponant of which are lipid molecules. Lipid synthesis may 
be divided into two parts: the synthesis of fatty 2u:ids and iheir artachmeni to sn- 
glycerol-3-phosphate, and the addition or modification of a polar head group. Typical 
lipids utilized in banerial membranes include phospholipids, glycolipids, sphingolipids, 
and phosphoglycerides. Fatty acid synthesis begins with the conversion of aceryl CoA 
either to malonyl CoA by aceiyl CoA carboxylase, or to acetyl-ACP by 
acetyltransacylase. Following a condensation reaction, these two produa molecules 
together form aceioacetyl-ACP, which is convened by a series of condensation, 
reduction and dehydration reactions to yield a saturated faity acid molecule having a 
desired chain length. The production of imsaturaied fatty acids from such molecules is 
catalyzed by specific desaturases either aerobically, with the help of molecular oxygen, 
or anaerobically (for reference on fatty acid synthesis, see F.C. Neidhardi et al. (1996) E. 
coli and Salmonella, ASM Press: Washington, D.C., p. 612-636 and references 
contained therein; Lengeler et al. (eds) (1 999) Biology of Procaryotes. Thieme: 
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Smngan. New York, and references contained therein; and Magnuson, K. et al., (1993) 
Microbiological Revieyys 57: 522-542, and references contained therein). The 
cyclopropane fany acids (CFa) are synthesi2ed by a specific Cf A-synihase using SAM 
as a cosubsuaie. Branched chain fatty acids are synthesized from branched chain amino 
acids Thai are deaminaied to yield branched chain 2-oxo-acids (see Lengeler et al., eds. 
(1999) Biology of Procaryoies. Thieme: Stungart, New York, and references coniained 
therein). Another esseniial step in lipid synthesis is the traxisfer of fatty acids onto the 
polar head groups by, for example, glycerol-phosphate-acyltransferases. The 
combination of various prectirsor molecules and biosyntheiic enzymes results in the 
production of different fatty acid molecules, which has a profound effect on the 
composition of the membrane. 

111. Elements and Methods of the Invention 

The present invention is based, at least in part, on the discovery of novel 
molecules, referred to herein as MCT nucleic acid and protein molecules, which control 
the production of cellular membranes in C gluramicum and govern the movement of 
molecules across such membranes. In one embodiment, the MCT molecules panicipate 
in the metabolism of compounds necessary for the construction of cellular membranes in 
C gluramicum^ or in the transport of molecules across these membranes. In a preferred 
embodiment, the activity of the MCT molecules of the present invention to regulate 
membrane component production and membrane transport has an impact on the 
production of a desired fine chemical by this orgamsm. In a panicularly preferred 
embodiment, the MCT molecules of the invention are modulated in activity, such that 
the C\ glucamicum metabolic pathways which the MCJ proteins of the invention 
regulate are modulated in .yield, production, and/or efficiency of production and the 
transpon of compounds through the membranes is altered in efficiency, which either 
directly or indirectly modulates the yield, production, and/or efficiency of production of 
a desired fine chemical by C. glufamicum. 

The language, "MCT protein" or "MCT polypeptide" includes proteins which 
participate in the metabolism of compounds necessary for the construction of cellular 
membranes in C. gluiamicum, or in the iranspon of molecules across these membranes. 
Examples of MCT proteins include those encoded by the MCT genes set forth in Table 1 
and Appendix A. The terms "MCT gene*' or '''MCT nucleic acid sequence" include 
nucleic acid sequences encoding an MCT protein, which consist of a coding region and 
also corresponding untranslated 5' and 3' sequence regions. Examples of MCT genes , 
include those set forth in Table 1 . The terms ^'production" or '"productiviiy" are art- 
recognized and include the concentration of the fermentation product (for example, the 
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desired fine chemical) formed within a given lime and a given fermemation volume 
(e.g., kg product per hour per lirer). The term ^^efficiency of production" includes the 
lime required for a particular level of production lo be achieved (for example, how long 
it takes for the cell to attain a panicular rate of output of a fine chemical). The term 
5 '716^ or 'product/carbon yield" is an-recognized and includes the efficiency of the 
conversion of the carbon source into the produa (i.e., fine chemical). This is generally 
wriuen as, for example, kg produa per kg carbon source. By increasing the yield or 
production of the compound, the quaniity of recovered molecules, or of useful recovered 
molecules of that compound in a given amount of cuhure over a given amount of time is 

1 0 increased. The terms "biosynthesis" or a "biosyntheiic pathway" are art-recognized and 
include the synthesis of a compound, preferably an organic compound, by a cell from 
intermediate compounds in what may be a multisiep and highly regulaxed process. The 
terms "degradation" or a "degradation pathway" are an-recognized and include the 
breakdown of a compound, preferably an organic compound, by a cell to degradation 

1 5 products (generally speaking, smaller or less complex molecules) in what may be a 
multisiep and highly regulated process. The language ''metabolism" is an-recognized 
and includes the totality of the biochemical reactions that take place in an organism. 
The metabolism of a particular compound, then, (e.g., the metabolism of an amino acid 
such as glycine) comprises the overall biosynthetic, modification, and degradation 

20 pathways in the cell related to this compound. 

In another embodiment, the MCT molecules of the invention are capable of 
modulating the production of a desired molecule, such as a fine chemical, in a 
microorganism such as C. glutamicum. There are a number of mechanisms by which 
the alteration of an MCT protein of the invention may directly affect ;he yield, 

25 production, and/or efficiency of production of a fine chemical from a C gluramicum 
strain incorporating such an altered protein. Those MCT proteins involved in the expon 
of fine chemical molecules from the cell may be increased in number or activity such 
that greater quantities of these compoimds are secreted to the extracellular medium, 
from which they are more readily recovered. Similarly, those MCT proteins involved in 

30 the impon of nutrients necessary for the biosynthesis of one or more fine chemicals 
(e.g., phosphate, sulfate, nitrogen compounds, etc.) may be increased in number or 
activity such that these precursor , cofactor, or intermediate compounds are increased in 
concentration within the cell, further, fany acids and lipids themselves are desirable fine 
chemicals; by optimizing the activity or increasing the number of one or more MCT 

3 5 proteins of the invention which participate in the biosynthesis of these compounds, or by 
impairing the activity of one or more MCT proteins which are involved in the 
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degradaiion of ihese compounds, it may be possible lo increase ihe yield, production, 
and/or efficiency of producrion of fany acid and lipid molecules from C glutamicum. 

The mutagenesis of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirectly impact the production of one or 
5 more desired tine chemicals from C .gluramicum. For example, MCT proteins of the 
invention involved in the export of waste products may be increased in number or 
activity such that the normal metabolic wastes of the cell (possibly increased in quantity 
. due to the overproduction of the desired fme chemical) are efficiently exponed before 
they are able to damage nucleotides and proteins within the cell (which would decrease 

10 the viability of the cell) or to interfere with fine chemical biosynthetic pathways (which 
would decrease the yield, production, or efficiency of produaion of the desired, fme 
chemical), further, the relatively large intracellular quantities of the desired fine 
chemical may in itself be toxic to the cell, so by increasing the activity or number of 
transponers able to export this compound from the cell, one may increase the viability of 

1 5 the cell in culture, in turn leading to a greater number of cells in the culture producing 
the desired fine chemical. The MCT proteins of the invention may also be manipulated 
such that the relative amounts of different lipid and fairy acid molecules are produced. 
This may have a profound effect on the lipid composition of the membrane of the cell. 
Since each type of lipid has different physical properties, an alteration in the lipid 

20 composition of a membrane may significantly alter membrane fluidity.. Changes in 
membrane fluidity can impact the transpon of molecules across the membrane, as well 
as the integrity of the cell, both of which have a profound effect on the production of 
fme chemicals trom C glutumicum in large-scale fermentative culture. 

The isolated nucleic acid sequences of the invention are contained within the 

25 genome of a Corynebacierium gluiamicum strain available through the American Type 
Culture Collection, given designation aTCC 1 3032. The nucleotide sequence of the 
isolated C. glutamicum MCT cDNas and the predicted amino acid sequences of the C 
gluramicum MCT proteins are shown in Appendices A and fi, respectively. 
Computational analyse:? were performed which classified and/or identified these 

30 nucleotide sequences as sequences which encode proteins involved in the metabolism of 
cellular membrane components or proteins involved in the transpon of compoimds 
across such membranes. 

The present invention also pertains to proteins which have an amino acid 
sequence which is substantially homologous to an amino acid sequence of Appendix B. 

35 As used herein, a protein which has an amino acid sequence which is substantially 
homologous to a selected amino acid sequence is least about 50% homologous to the 
selected amino acid sequence, e.g., the entire selected amino acid sequexKe. A protein 
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which has an amino acid sequence which is substantially homologous lo a selected . 
amino acid sequence can also be leasi about 50-60%, preferably at least about 60-70%, 
and more preferably at Ieai>t about 70-80%, 80-90%, or 90-95%, and most preferably at 
least about 96%, 97%. 98%, 99% or more homologous to the seleaed amino acid 
5 sequence. 

The MCT protein or a biologically active portion or fragment thereof of the 
invention can participate in the metabolism of compounds necessary for The construction 
of cellular membranes in C. gluiamicum, or in the transport of molecules across these 
membranes, or have one or more of the activities set forth in Table 1 . 
10 Various aspects of the invention are described in flinher detail in the foUovving 

subsections: 

A. holaitrd Nucleic Acid Molecuits 

One aspea of the invention penains to isolated nucleic acid molecules that 
15 encode MCT polypeptides or biologically active portions thereof, as well as nucleic acid 
fragments sufficient for use as hybridization probes or primers for the identification or 
amplification of MCT-encoding nucleic acid (e.g., MCT DNA). As used herein, the 
term •'nucleic acid molecule" is intended to include DNa molecules (e.g., cDNA or 
genomic DNa) and RNA molecules (e.g., mRN AJ and analogs of the DNA or R2vlA 

20 generated using nucleotide analogs. This terai also encompasses untranslated sequence 
located at both the 3' and 5* ends of the coding region of the gene: at least about 100 
nucleotides of sequence upstream from the 5' end of the coding region and at least about 
20 nucleotides of sequence downstream from the 3 'end of the coding region of the gene. 
The nucleic acid molecule can be single-stranded or double-stranded, but preferably is 

25 double-stranded DNA. An "isolated" nucleic acid molecule is one which is separated 
from other nucleic acid molecules which are present in the natural source of the nucleic 
acid. Preferably, an ''isolated" nucleic acid is free of sequences which naturally flank 
the nucleic acid (i.e., sequences located at the 5' and 3' ends of the nucleic acid) in the 
genomic DNa of the organism from which the nucleic acid is derived. For example, in 

30 various embodiments, the isolated MCT nucleic acid molecule can contain less than 
about 5 kb, 4kb, 3kb. 2kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences which 
naturally flank the nucleic acid molecule in genomic DNA of the cell from which the 
niicleic acid is derived (e.g, a C gluramicum cell). Moreover, an "isolated" nucleic acid 
molecule, such as a cDNa nxolecule, can be substantially free of other cellular material, 

35 or culture medium when produced by recombinant techniques, or chemical precursors or 
other chemicals when chemically synthesized. 
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A nucleic acid molecule of the pxeseni invenrion, e.g., a nucleic acid molecule 
having a nucleoiide sequence of Appendix A, or a portion thereof, can be isolaied using 
standard molecular biology techniques and the sequence information provided herein. 
For example, a C glutamicum MCT cDN A can be isolated from a C gluiumicum library 
5 using all or ponion of one of the sequences of Appendix A as a hybridization probe and 
standard hybridization techniques (e.g., as described in Sambrook, J., Fritsh, E. F., and 
Maniatis, T- Molecular Cloning: A Laboratory Manual 2nd. td.. Cold Spring Harbor 
Laboratory. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 
Moreover, a nucleic acid molecule encompassing all or a portion of one of the sequences 

10 of Appendix A can be isolated by the polymerase chain reaction using oligonucleotide 
primers designed based upon this sequence (e.g., a nucleic acid molecule encompassing 
all or a portion of oiie of the sequences of Appendix A can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon this same sequence of 
Appendix A). For example, mRNA can be isolated from normal endothelial cells (e.g.. 

15 . by the guanidinium-thiocyanate extraction procedure of Chirgwin et al, (1979) 

Biochemistry 18; 5294-5299) imd cDNa can be prepared using reverse transcriptase 
(e.g., Moloney MLV reverse transcriptase, available from Gibco/BRL, Bethesda, MD; 
or AMV reverse transcriptase, available from Seikagaku America, Inc., St, Petersburg, 
FL). Synthetic oligonucleotide primers for polymerase chain reaction amplification can 

20 be designed based upon one of the nucleotide sequences shown in Appendix A. A 
nucleic acid of the invention can be amplified using cDNa or, alternatively, genomic 
DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an 
appropriate vector and characterized by DN A sequence analysis. Furthermore, 

25 oligonucleotides corresponding to an MCT nucleotide sequence can be prepared by 
standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises one of the nucleotide seqtiences shown in Appendix A. The sequences of 
Appendix A correspond to the Corynebacttrium glutamicum MCT cDNAs of the 

30 invention. This cDNa comprises sequences encoding MCT proteins (i.e., "the coding 
region'*, indicated in each sequence in Appendix A), as well as 5* untranslated sequences 
and 3' untranslated sequences, also indicated in Appendix A. Alternatively, the nucleic 
acid molecule can comprise only the coding region of any of the sequences in Appendix 
A. 

35 . For the purposes of this application, it will be understood that ieach of the 

sequences set forth in Appendix A has an identifying RXA number having the 
designation "RXA" followed by 5 digits (i.e., RXaOOOOI). Each of these sequences 
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comprises up to three pans: a 5' upstream region, a coding region, and a downstream 
region. Each of these three regions is identified by the same RXA designation to 
eliminate confusion. The recitation "one of the sequences in Appendix A", then, refers 
to any of the sequences in Appendix A, which may be distinguished by their differing 
5 RXA designations. The coding region of each of these sequences is iranslaied into a 
corresponding amino acid sequence, which is set forth in Appendix B. The sequences of 
Appendix B are identified by the same RXA designations as Appendix A, such that they 
can be readily correlated. For example, the amino acid sequence in Appendix B 
designated RXAOOOOl is a translation of the coding region of the nucleotide sequence of 

1 0 nucleic acid molecule RXaOOOO 1 in Appendix A. 

In one embodiment, the nucleic acid molecules of the present invention are not 
intended to include those compiled in Table 2. In the case of the dapD gene, a sequence 
for this gene was published in Wehrmann, A., et al. (1998) J, BaaerioL 180(12): 3159- 
. 3165. However, the sequence obiained by the inventors ofihe present application is 

1 5 significantly longer than the published version. It is believed that the published version 
relied on an incorrect stan codon, and thus represents only a fragment of ihe actual 
coding region. 

In another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises a nucleic acid molecule which is a complement of one of the 

20 nucleotide sequences shown in Appendix A, or a ponion thereof. A nucleic acid 
molecule which is complementary lo one of the nucleotide sequences shown in 
Appendix A is one which is sufficiently complementary to one of the nucleotide 
iiequences shown in Appendix A such that it can hybridize to one of the nucleotide 
sequences shov^ in Appendix A, thereby forming a stable duplex. - 

25 In still another preferred embodiment, an isolated nixcleic acid molecule of the 

invention comprises a nucleotide sequence which is at least about 50^60%, preferably at 
least about 60-70%, more preferably at least about 70-80%, 80-90%, or 90-95%, and 
even more preferably at least about 95%, 96%, 97%, 98%, 99% or more homologous to 
a nucleotide sequence shown in Appendix A, or a ponion thereof. In an additional 

30 preferred embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to one 
of the nucleotide sequences shown in Appendix A, or a ponion thereof. 

Moreover, the nucleic acid molecule of the invention can comprise only a 
portion of the coding region of one of die sequences in Appendix A, for example a 

35 fragment which can be used as a probe or primer or a fragment encoding a biologically 
aaive portion of an MCT protein. The nucleotide sequences determined from the 
cloning of the MCT genes from C glutamicum allows for the generation of probes and 
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primers designed for use in identifying and/or cloning MCT homologues in oiher cell 
types and organisms, as well as MCT homologues from other Corynebacieria or related 
species. The probe/primer typically comprises substantially purified oligonucleotide. 
The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes 
5 under stringent conditions to at least about 12, preferably about 25, more preferably 
about 40, 50 or 75 consecutive nucleotides of a sense strand of one of the sequences set 
forth in Appendix A, an anti -sense sequence of one of the sequences set forth in 
Appendix A, or naturally occiwring mutants thereof" Primers based on a nucleotide 
sequence of Appendix A can be used in PCR reactions to clone MCT homologues. 

1 0 Probes based on the MCT nucleotide sequences can be used to detea transcripts or 
genomic sequences encoding the same or homologous proteins. In preferred 
embodiments, the probe further comprises a label group anached thereto, e.g. the label 
group can be a radioisotope, a fluorescent compound, an en2yme> or an enzyme co- 
factor. Such probes can be used as a pan of a diagnostic test kit for identifying cells 

1 5 which misexpress an MCT protein, such as by measuring a level of an MCT-encoding 
nucleic acid in a sample of cells, e.g., detecting MCT mRNA levels or detemiining 
v^hether a genonuc MCT gene has been mutated or deleted. 

In one embodiment, the nucleic acid molecule of the invention encodes a protein 
or portion thereof which includes an amino acid sequence which is sufficiently 

20 homologous to an amino acid sequence of Appendix B such that tiie protein or portion 
thereof maintains the ability to panicipaie in the metabolism of compounds necessary 
for the construction of cellular membranes in C gluiamicum^ or in the transport of 
molecules across these membranes. As used herein, the language "sufficientiy 
homologous" refers to proteins or portions thereof which have amino acid sequences 

25 which include a minimum number of identical or equivalent (e.g., an amino acid residue 
which has a similar side chain as an amino acid residue in one of the sequences of 
Appendix Bj amino acid residues to an amino acid sequence of Appendix B such that 
the protein or portion thereof is able to participate in the metabolism of compounds 
necessary for the construction of cellular noembranes in C glutamicum, or in the 

30 transpon of molecules across these membranes. Protein members of such membrane 
component metabolic pathways or membrane transpon systems, as described herein, 
may play a role in the production and secretion of one or more fine chemical's. 
Examples of such activities are also described herein. Thus, *"the function of an MCT 
protein" contributes either directiy or indirectiy to the yield, production, and/or 

35 efficiency of production of one or more fine chemicals. Examples of MCT protein 
activities are set forth in Table 1 . 
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In anoiher embodimeni, the protein is at least about 50-60%, preferably at least 
about 60-70%, and more preferably at least about 70-80%, 80-90%, 90-95%, and most 
preferably ai least about 96%, 97%, 98%, 99% or more homologous to an entire amino 
acid sequence of Appendix B. 
5 Portions of proteins encoded by the MCT nucleic acid molecules of the invention 

are preferably biologically active portions of one of the MCT proteins. As used herein, 
the temi "biologically active portion of an MCT protein" is intended to include a 
portion, e.g., a domain/motif, of an MCT prdxein that participates in the metabolism of 
compoimds necessary for the construction of cellular membranes in C. gluramicum^ or in 

10 the transport of molecules across these membranes, or has an activity as set forth in 

Table 1. To determine whether an MCT protein or a biologically active ponion thereof 
can panicipate in the metabolism of compounds necessary for the construction of 
cellular membranes in C gluiamicum, or in the iransporr of molecules across these 
membranes, an assay of enzymatic activity may be pertbrmed. Such assay methods are 

1 5 well known to those skilled in the art, as detailed in Example 8 of the Exemplification. 

Additional nucleic acid fragments encoding biologically active portions of an , 
MCT protein can be prepared by isolating a ponion of one of the sequences in Appendix 
B, expressing the encoded ponion of the MCT protein or peptide (e.g., by recombinant 
expression in viiro) and assessing the activity of the encoded portion of the MCT protein 

20 or peptide. 

The invention further encompasses nucleic acid molecules that differ from one of 
the nucleotide sequences shown in Appendix A (and ponions thereof) due to degeneracy 
of the genetic code and thus encode the same MCT protein as that encoded by the 
nucleotide sequences shown in Appendix A. In another embodiment, an isolated nucleic 

25 acid molecule of the invention has a-nucleoiide sequence encoding a protein having an 
amino acid sequence shov^rn in Appendix B. In a still further embodiment, the nucleic 
acid molecule of the invention encodes a full length C glujamiL um protein which is 
substantially homologous to an amino acid sequence of Appendix B (encoded by an 
open reading frame shown in Appendix A). 

30 In addition to the C gluiamicum MCT nucleotide sequences shown in Appendix 

A, it will be appreciated by those skilled in the an that DNA sequence polymorphisms 
that lead to changes in the amino acid sequences of MCT proteins may exist within a 
population (e.g., the C glurqmicum population). Such genetic polymorphism in the 
MCT gene may exist among individuals within a population due to natural variation. As 

35 used herein, the terms "gene" and "recombinant gene" refer to nucleic acid molecules 
comprising an open reading frame encoding an MCT protein, preferably a C 
gluTomicum MCT protein. Such natural variations can typically result in 1-5% variance 
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in ihe nucleoride sequence of the MCT gene. Any and ail such nucleoiide variaiions and 
resulting amino acid polymorphisms in MCT lhai are ihe resulr of natural variation and 
thai do noi alter the funaional activity of MCT proteins are intended to be within the 
scope of the invention. 

5 Nucleic acid molecules corresponding to natural variants and non-C ^lutamicum 

homologues of the C glutamicum MCT cDNa of the invention can be isolated based on 
their homology to the C glutamicum MCT nucleic acid disclosed herein using the C 
glutamicum cDNa, or a portion thereof, as a hybridization probe according to standard 
hybridization techniques under stringent hybridization conditions. Accordingly, in 

1 0 . another embodiment, an isolated nucleic acid molecule of the invention is at least 1 5 
nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. In other embodiments, the 

. nixcleic acid is at least 30, 50, 1 00, 250 or more nucleotides in length. As used herein, 
the term "hybridizes under stringent conditions'* is intended to describe conditions for 

1 5 , hybridization and washing under which nucleotide sequences at least 60% homologous 
to each other typically remain hybridized to each other. Preferably, the conditions are 
such that sequences at least about 65%, more preferably at least about 70%, and even 
more preferably at least about 75% or more homologous to each other typically remain 
hybridized to each other. Such stringent conditions are known to those skilled in the an 

20 and can be found in Currtrtr Profacols in Molecular Biology, John Wiley & Sons, N.Y. 
(1989), 6.3,1-6.3.6- A preferred, non-limiting example of stringent hybridization 
conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45*^C, 
followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65**C. Preferably, an 
isolated nucleic acid molecule of the invention that hybridizes under stringent conditions 

25 to a sequence of Appendix A corresponds to a naturally-occurring nucleic acid 

molecule. As used herein, a "naturally -occurring** nucleic acid molecule refers to an 
RNa or DN A molecule having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). In one embodiment, the nucleic acid encodes a natural C 
glutamicum MCT protein. - 

30 In addition to namrally-occurring variants of the MCT sequence that may exist in 

the population, the skilled artisan will further appreciate that changes can be introduced 
by mutation into a nucleotide sequence of .-\ppendix A, thereby leading to changes in the 
annno acid sequence of the encoded MCT protein, without altering the fimctional ability 
of the MCT protein. For example, nucleotide substitutions leading to amino acid 

35 substitutions at "non-essential" amino acid residues can be made in a sequence of 

Appendix A. A "non-essential" amino acid residue is a residue that can be altered from 
the wild-type sequence of one of the MCT proteins (Appendix B) without altering the 
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activity of said MCT protein, whereas an "essemial" amino acid residue is required for 
MCT protein activity. Other amino acid residues, however, (e.g.. those that are not 
conserved or only semi-conserved in the domain having MCT activity) may not be 
essential for activity and thus are likely to be amenable to alteration without altering 
5 MCT activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding MCT proteins that contain changes in amino acid residues that are not 
essential for MCT activity. Such MCT proteins differ in amino acid sequence from a 
sequence contained in. Appendix B yet retain at least one of the MCT activities 
1 0 described herein. In one embodiment, the isolated nucleic acid molecule comprises a 
nucleotide sequence encoding a protein, wherein the protein comprises an amino acid 
seqvicncc at least about 50% homolosous to an amino acid sequence of Appendix B and 
is capable of participate in the metabolism of compounds necessary for the construction 
of cellular membranes in €. glutamicum, or in the transport of molecules across these 
1 5 membranes, or has one or more activities set forth in Table 1 . Preferably, the protein 
encoded by the nucleic acid molecule is at least about 50-60% homologous to one of the 
sequences in Appendix B. more preferably at least about 60-70% homologous to one of 
the sequences in Appendix B . even more preferably at least about 70-80%, 80-90%, 90- 
95% homologous to one of the sequences in Appendix B, and most preferably at least 
20 about 96%, 97%, 98%. or 99% homologous to one of the sequences in Appendix B. 

To determine' the percent homology of two amino acid sequences (e.g., one of 
the sequences of Appendix B and a mutant form thereof) or of two nucleic acids, the 
sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in 
the sequence of one protein or nucleic acid for optimal alignment with the other protein 
25 or nucleic acid). The amino acid residties or nucleotides at corresponding amino acid 
positions or nucleotide positions are then compared. When a position in one sequence 
(e.g., one of the sequences of Appendix B) is occupied by the same amino acid residue 
or nucleotide as the conesponding position in the other sequence (e.g., a mutant form of 
the sequence seleaed from Appendix B). then the molecules are homologous at that 
30 position (i.e., as used herein amino acid or nucleic acid "homology" is equivalent to 
amino acid or nucleic acid "identity"). The percent homology between the two 
sequences is a function of the number of identical positions shared by the sequences 
(i.e., % homology = # of identical positions/total # of positions x 100). 

An isolated nucleic acid molecule encoding an MCT protein homologous to a 
35 protein sequence of Appendix B can be created by introducing one or more nucleotide 
substitutions, additions or deletions into a nucleotide sequence of Appendix A such that 
one or more amino acid substimiions, additions or deletions are introduced into the 
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encoded protein. Mutaiions can be introduced into one of die sequences of Appendix A 
by standard techniques, such as site-directed mutagenesis and PGR-mediated 

mutagenesis. Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative amino acid subsmuuon" is 
one in which the amino acid residue is replaced with an amino acid residue having a 
similar side chaiB. Families of amino acid residues having similar side chains have been 
defined in the an. These families include amino acids with basic side chains (e.g.. 
lysine, arginine, histidine). acidic side chains (e.g., aspanic acid, glutamic acid), 
uncharged polar side chains (e.g.. glycine, asparagine, gluiamine. serine, threomne, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.., 
ihrconinc, valine, isoleucine) and aiomaxic side chains (e.g., tyrosine, phcnylalanme, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in an MCT 
protein is preferably replaced with another amino acid residue firom the same side cham 
15 family. Alternatively, in another embodimem, mutations can be introduced randomly 
alone all or pan of an MCT coding sequence, such as by sawration mutagenesis, and the 
resultant mutants can be screened for an MCT activity described herein to identify 
mutants that retain MCT activity. Following mutagenesis of one of the sequences of 
Appendix A. the encoded protein can be expressed recombinantly and the activity of the 
20 protein can be determined using, for example, assays described herein (see Example 8 of 

the Exemplification). 

In addition to the nucleic acid molecules encoding MCT proteins described 
above, another aspea of the invenuon pertains to isolated nucleic acid molecules which 
are aniisense thereto: An "antisense" nucleic acid comprises a nucleotide sequence 
25 which is complementary to a "sense" nucleic acid encoding a protein, e.g.. 
complementary to the coding strand of a double-stranded cDNA molecule or 

complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The aniisense nucleic acid can be 
complemeniary to an entire MCT coding strand, or to only a portion thereof. In one 

30 embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the 
coding strand of a nucleotide sequence encoding an MCT protein. The term "coding 
region" refers to the region of the nucleotide sequence comprising codons which are 

' translated into amino acid residues (e.g.. the entire coding region of SEQ ID RXAOOOOl 
comprises nucleotides 1 to 1 128). In another embodiment, the antisense nucleic acid 

35 molecule is antisense to a "noncoding region" ofthe coding strand of a nucleotide 
sequence encoding MCT. The tenn "noncoding region" refers to 5' and 3* sequences 
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which flank The coding region ihat are not Translated into amino acids (i.e.. also referred 
to as 5' and 3' untranslated regions). 

Given the coding strand sequences encoding MCT disclosed herein (e.g., the 
sequences set fonh in Appendix A), anpsense nucleic acids of the invention can be 
designed according to the rules of Watson and Crick base pairing. The antisense nucleic 
acid molecule can be complementary to the entire coding region of MCT mRNA. but 
more preferably is an oligonucleotide which is antisense to only a portion of the coding 
or noncoding region of MCT mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the translation start site of MCT mRNA. An 
antisense oligonucleotide can be. for example, about 5. 1 0. 1 5. 20, 25. 30. 35, 40, 45 or 
50 nucleotides in length. An antisense nucleic acid of the invention can be constructed 
using chemical synthesis and enzymatic ligation reacxions using procedures known in 
the an. For example, an antisense nucleic acid Ce.g-. an antisense oligonucleotide) can 
be chemically synthesized using naturally occurring nucleotides or variously modified 
15 nucleotides designed to increase the biological stability of the molecules or to increase 
the physical stability of the duplex formed between the antisense and sense nucleic 
acids, e.g., phosphorothioaie derivatives and acridine substituted nucleotides can be 

used.' Examples of niodified nucleotides which can be used to generate the antisense 
nucleic acid include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil. 
20 hypoxanthine. xanthine, 4-acetylcyTosine, 5-(carboxyhydroxyhnethyl) uracil. 5- 
carbOxymethylarainomethyl-2-thiouridine,5-carboxyroethylaminomethyluraciU 

dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1- 
methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine. 2- 
methylguanine, 3-methylcytosine, 5-meihylcytosine. N6-adenine, 7-methylguanine, 5- 

25 raethylaminomethyluracil, 5-meihoxyaminomeihyl-2-thiouracil, beta-D- 

mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-meihoxyuracil, 2-methylThio-N6- 
isopenienyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracU. queosine. 
2-thiocytosine, 5-methyl-2-ihiouracil, 2-thiouracU. 4-thioaracil, 5-methyluracil, uracil-S- 
oxyacetic acid methylester. uracil-5-oxyaceiic acid (v). 5-methyl-2-ihiouracil, 3-(3- . 

30 amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense orientation (i.e.. RNA 
transcribed from the insened nucleic acid will be of an antisense orientation to a target 
nucleic acid of interest, described fiirther in the following subsection). 

35 The antisense nucleic acid molecules of the invention are typically administered 

to a cell or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding an MCT protein to thereby inhibit expression of the 



-28- 



proiein, e.g.. by inhibitine transcription and/or translation. The hybridiaaiion can be by 
conventional nucleotide complementarity to form a stable duplex, or, for example, in the 
case of an aniisense nucleic acid molecule which binds to DNA duplexes, through 
specific interaaions in the major groove of the double heUx. The antisense molecule can 
be modified such that it specifically binds to a receptor or an antigen expressed on a 
seleaed cell surface, e.g., by linking the antisense nucleic acid molecule to a peptide or 
an antibody which binds to a cell surface receptor or antigen. The antisense nucleic acid 
molecule can also be delivered to cells using the vectors described herein. To achieve 
sufficient inirdcellular concentrations of the antisense molecules, vector constructs m 
which the antisense nucleic acid molecule is placed under the control of a strong pol II 
or pol 111 promoter are preferred. 

In yet another embodiment, the aniisense nucleic acid molecule of the invention 
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary K>iA in which, contrary to the 
usual p-units. the strands run parallel to each other (Gauliier et al. (1 987) Nucltic Acids. 
Jtes. 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 
methylribonucleoiide (Inoue et al. (1987) Nucleic Acids Res 15:613 1-6148) or a 
chimeric RMA-DNAanalogue(Inoueetal. (l987)F£5SZ<r// 215:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a 
ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRN A, to which they 
have a complementary region. Thus. ribo2ymes (e.g., hammerhead ribozymes 
(described in Haselhoff and Gerlach (1988) Nature 32^:5ZS-59\)) can be used to 
catalytically cleave MCT mRMA transcripts to thereby inhibit translation of MCT 
mKN a: a ribozyme having specificity for an MCT-encoding nucleic acid can be 
designed based upon the nucleotide sequence of an MCT cDNA disclosed herein (i.e., 
RXaOOOOI in Appendix A). For example, a derivative of a TeTrahymena L-19 IVS 
RNA can be constructed in which the nucleotide sequence of the active site is 
complementary 10 the nucleotide sequence to be cleaved in an MCT-encoding mRN A. 
See. e.g., Cech et al. U.S. Patent No. 4.987.071 and Cech et al. U.S. Patent No. 
5,1 16,742. Alternatively. MCT mRNA can be used to selen a catalytic RNA having a 
specific ribonuclease activity from a pool of RNA molecules. See, e.g., Bartel, D. and 
Szostak, J.W. (1993) S'ciencf 261:1411-1418. 

Alternatively, MCT gene expression can be inhibited by targeting nucleotide 
sequences complementary to the regulatory region of an MCT nucleotide sequence (e.g.. 
an MCT promoter and/or enhancers) to form triple helical structures that prevent 
transcription of an MCT gene in target cells. See generally, Helene, C. (1991) 
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Aniicanctfr Drug Des. 6(6):569-84; Helene, C. ei al. {^992) Ann, N.Y. Acad. ScL 660:27- 
36; and Maher, L.J. (1992) Bioaysays 14(12):807-15. 

B Recombinant Expression Vectors and Host Cells 
5 Another aspect of the invention pertains to vectors, preferably expression 

vectors, containing a nucleic acid encoding an MCT protein (or a portion thereof). As 
used herein, the tenn "vector" refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a circular double stranded DNA loop into which additional DMA 
10 segments can be Ugated. Another type of vector is a viral vector, wherein additional 
DNA segments can be ligated into the viral genome. Cenain vectors are capable of 
autonomous replication in a host cell into which they are introduced (e.g.^ baaerial 
vectors having a bacterial origin of replication and episomal mammalian vectors). Other 
veaors (e.g., non-episomal mammalian vectors) are integrated into the genome of a host 
15 cell upon introduction into the host cell, and thereby are replicated along with the host 
genome. Moreover, cenain vectors are capable of directing the expression of genes to 
which they are operatively linked. Such vectors are referred to herein as "expression 
vectors". In general, e.xpression vectors of utility in recombinant DNA techniques are 
often in the form of plasmids. In the present specification, "plasmid" and "vector" can 
20 be used interchangeably as the plasmid is the most commonly used form of vector. 
However, the invention is intended to include such other forms of expression vectors, 
such as viral vectors (e.g., replicaiion.defective retroviruses, adenoviruses and adeno- 
associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of 
25 the invention in a form suitable for expression of the nucleic acid in a host cell, which 
5 means that the recombinant expression vectors include one or more regulatory 

sequences, selected on the basis of the host cells to be used for expression, which is 
operatively linked to the nucleic acid sequence to be expressed. Within a recombirmt 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 
30 interest is linked to the regulatory sequence(s) in a manner which allows for expression 
of the nucleotide sequence (e.g., in an vitro transcription/iranslanon system or in a 
host cell when the vector is introduced into the host cell). The term "regulatory 
sequence" is intended to include promoters, enhancers and other expression control 
elements (e.g., polyadenylation signals). Such regulatory sequences are described, for 
35 example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, CA (1990), Regulatory sequences include those which 
direct constitutive expression of a nucleotide sequence in many types of host cell and 
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Ao.e wh.ch direc expresion of fte nucleotide sequence onl, in certain hos, celk It 
^ appreciated by those skilled in the an the design of the expresTon vL can 

5 3 ^ T'° "f "he invention can be 

5 u^noduced „,o ^st cells to thereby produce proteins cr peptides, including ZTo. 
proteins or pepndes. encoded by nucleic acids as described h«ein (e.g MCT^oteins 
mutant fonnsofMCT proteins, fusion proteins, etc J. 8, MCT proietn.. 

The recombinant expression vectors of the invention can be designed for 
'^-.onofMCTpro.einsinprok„yoUcoreulca,,oticcel,s. ForexL^L mCT 

C AM *™ '"'"■^ ^ 8: 423.4S8; van den Hondel 

15 Press. Dtegc; and van den Hondel. C.A.MJ.J. ^ Punt, P.J. (1991J "Gene n^sfT 
sy«en. and vector development for filamentous iungi. in: App, ed mIiccI^cs 
cf Fung, Pe,«rdy. J.F. e. at, eds., p. 1-28. Cambridge University Press: Cambrid^ 
^eae and mulpcellularplan, cells (see Schmidt, it and WUmitzer. L. (.988, Hi^ 

'0 2;rf f f ~~ed transfonnation of.^ljl'^ 
S^^: '^T '^'"^-^ ^ ^^-^^^X ormammalum ce„s. 

^^,n£^^„o;os, 185. Academic Press.SanDiego.CA<1990). AltemanVely the 
^combman, expresston vector can be transcribed and translated w.o. for exam^^ 

usrngT? promoter regulatory sequences and T7 polymerase 

containf^r"'™ """"'^ '"O'^^"'" « carried out with vectors 
contaamng consntuuve or inducible promoters di«cting the expression of either fttsion 
or non.fus.on proteins. Fusion vectors add a number of amino acids .o a proteb 
en^ded therem. usually to the amino terminus of *e recombinant protein to the 

C-tenmnus or fi^ed within suitable regions i„ the proteins. Such fiion vector 
W.cally serve *ree pun^oses: „ to increase expression of recombinant p^"„ 2) to 
mcrease the solubility of the recombinant protein; and 3) to aid in the pu^ficaL Ime 
recombtnant protein by acting as a ligand in affinity purification. oZ. in fusion 
lT"7r"- ''""""^^ " '"'^ a. *e junction of the fusion 

Z Lt, " '^"^ -ombinant prote*r 

^m *e fus.on mo.ety subsequem to purification of the fusion protein. Such en^mes. 
and the. cognate reco^tion sequence^ include Factor Xa. thrombin and enterS^ 
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MA) «d PRIT5 (Ph.™^i,. pi,e«.way, NJ) which e.»«*ione S.»„.f=:^ 

5 f „l T . ' " """"" «^P«=°«ly. <o ,he «rg=, recombinant 
protem, I„ one cmbodimcm. ri» codinj sequence of d« MCT protein i. cloned into a 
PGEX expresaon vector to .create a vec«,r encoding a JUsion protein compriaing. Item 
fte N-termmus «> d>e C..«minus, OST-thrombin cleavage site-X protein. Tkc Lon 
protem can be purified b, affimty chromatography using glutartione-agarose re«n 

ID T?^'^ "^"^ ^^"^ "^"--ec of the fusion 

10 protean with ihrombin. 

Examples of suitable inducible non-fusion £. co/, expression vectors include 
pTrcCAtnannetal., (1988) 69:301-315) and pET U d (Studier et al Gene 
^re.sia„ Technolcfo^: Mezhods in Enzymology 185, Academic Press. Diego 
Ca^^fomia (1990) 60-89). Target gene expression from the pTrc vector relies on h;st 
15 RNA polymerase transcription from a hybrid trp-Iac fusion promoter. Target gene 

expression from the PET Ud vector relies on transcription from a T7 gnlO-lac fusion 
promoter mediated by a coexpressed viral mA polymerase (T7 gnl). This viral 

polymerase is suppUed by host strains BL21(DE3) or HMS174(DE3) from a resident X 
prophage harboring a T7 gnl gene under the transcriptional control of the lacDV 5 
-iU promoter. 

One strategy to maximize recombinant protein expression is to express the 
protein in a host bacteria with an impaired capacity to proteolytically cleave the 
recombmant protein (Gottesman, S.. Gene Expression Technology: M.^Hods in 
Er^mology 185, Academic Press, San Diego. California (1990) 1 19-128). Another 
25 strategy ,s to alter the nucleic acid sequence of the nucleic acid to be insened into an 
expression vector so that the individual codons for each amino acid are those ' 
preferentially utilized in the bacterium chosen for expression, such as C ^luramicun. 
(Wada et al. (1992) .Nucleic A.icis Res. 20:21 1 1-21 18, Such alteration of nucleic aTid 
sequences of the invention can be carried out by standard DNa synthesis techniques 

In another embodiment, the MCT protein expression vector is a yeast expression 
vector. Examples of vectors for expression in yeast ceri.isae include p YepSecI 
Bddan et al., (1 987) Embo J. 6:229-234). pMFa (Kurjan and Her^kowitz. (1982) Cell 
.0:933-943). pJRy88 (Schultz et al.. (1987) Gene 54:113-123), and pYES2 (invitiogel 

C°'P°'^«°n. San Diego, CA). Vectors and methods for the construction of vectors 
approprvite for use in other fimgi. such as the filamentous fungi, include those detailed 
m: van den Hondel, C.A.MJJ. & Pun, P.J. (1991) "Gene transfer systems and vector 



Hm/os- 170:31-39). tf-ucklow and Summers (1989) 

In anoiher mbodim«t the MCT proieins of tte invention may be e«res3ed in 
^cellular plan, „«s (.uch as algae, or in pta cells irom higher plan^ (er^L 
^^^""".^"•-''-"OPP'-S, Examples of Plan. expresJnveciriLetde ^ 
^« defied m: Becker. D.. Kemper. E.. Schell, J and Mas,erso«. R. (,,92) -nI; 

«o/. 0. USS-l 197: and Bevan. M.W. (1984) "Binary Agrobaclermm vec.0,5 fo, 

plam,tansfoimation-./^.,c/^rW.A«. 12: 8711-8721 '■'•»»> vectors for 

m»,mal.an cells usmgamammalian expression vecor. Examples of mamm^ian 
e^«s.o„ vecors include pCDM8 (Seed, B. ( .987) Narur. 329:840) an^r^'c 
Kaufman era.. (1987, f^^O./ 6:187-195). When u«d in mammal an ceSsL 

cl f " """"""^ ^-"^ PO'J-"--- Adenovirus ' 

protoyonc and eukaryotrc cells see chaprers 16 and 17 of Sambrook J Frirsh E F 

capable ofT"^ «combinan. mammalian expression vector is 

capable of dtrec«ng expression of the nucleic acid preferentially in a partcular cell type 

sp^^ficreguUtoryelementsarekno^ninftean. Non-limiting examples of suitabl" 

,.98Tr TT,« ~ """""^ (Uver-specificf Finken e. al 

(1987, Ce«„Z).v. 1:268-277,. lymphoid-specific promoters (Calame and Eaton (1988, 
/.m«o/ 43:235-275,. in panicular promoters of T cell receptors ( WinoL alf 

.3^729-740; Q^n and Baltimore (1983, Ce// 33:74,-748,. neuron-spedfic promoters 
5 ('•S-.1« >»'"0filamen, promoter: Byrne and Ruddle (1989) ^458^5473-5477, 
P-creas-specificpromoters (Edlund et al. (1985, 230:9,2-9,6,. and mammary 

gland-.pectfie promote (e.g.. milk whey p«„no,er: U.S. Patent No. 4.873 31^ 
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£uropean Applicaiion Publication No 264 ifi^^ n« i 

are also encompassed for examnlet" . ^--l^P'n^^ly-reguJared promoters 

Science 249:3 74-3 79)1" Za f " '''''''' ^^0) 

a mamier which allows for exnre«,on ^ ^''^^'^ ^ regulaioiy sequence in 

. 0 Weed .0 a „.,.c ac« c,on.a in U,. ».^:!^„:S:r Jlr„"wS* 

Th^ ^•■P^'^*^^'^ expression of aniisense RNa 

The antisense expression vector can be in the fr,™ u • ^"^^"^^ ^ A- 

mgh eftuency regulator, regma u.« aoiviry of »l,ich can be dettrmined bvAe clll 
.mo Which U« .ecror a inuoduced. For a discussion of d» r.^Ji'^^" 

of such a cell ft^., c • '"''J''" "^^^ Progeny or potential progeny 

...r^iorrt-rif^r^^^ 

.».ai.o.hcparcn,=cn,..ar.s.„inc.ud..dI*^csL7o;*;:^^^^^ 

n,o,w/'"v!I""'"'""^'"°'^''""'='^^™"="- For example anMCT 
P--' - ^ in bacrerial cells such as C. ^/.„.;c.., insea cJiry^l or 

salable hos, ecus are taown .o ti>ose skilled in .he a,^ Microorganisn. relaied^ 

nuclcc acd and p:o,ein molecules of *e invendon are s« forxh in Table 3 

Vector DNA can be introduced into prokaryotic or eukaryotic ceUs via 

o^nonaltransfonnationortransfecdon techniques. As ^heteirrtLs 
jnsfonnauon" and • WfecUon". -conjugation" and -transduction-lfta^, to 
refer to a vanety of an-recognized techniques for inttoducing foreign n'e" g 



25 



30 



mediated tt».fer oTd^^^^ c "'■^P"'-^. chemical- 
expression vecor and Tansfcrton »c,^,ue used oil, f Zifr ""T' 

ia,e^.e u.. fo„i^ o.. i„,o "jt^o i::2f^:.:i:*r 

1 0 imegranis. a gene that encodes a selectable marW . 

.ene^i,i„:^...i„ou.eKos.ceirr„r:rr..:rr^^^ 

-.e «,ec.B,e .a*„ ,»ne Will su^v;. .^i;;::r 

To create a homologous recombinant microorganism a vector k»re^^^^ u 

.e..ab...isMc?.r::s::tirz^^^^^^^ 

homologue from a related bacterium or even irr.J. , ^ 

:n a^^ - sirzr ;ir;,^r ^ 

recombmanon. .he endogenous MCT gene is fiu,ctionally disruoKd 
encodes a ftnctional p,o«in; also refe„«l ,o as a "la^ocTour veal I, 

gene earned by the vecmr and an endogenous MCT b usiwi-l 

addido„alflanlungMCTnudeicacidiL/^Sri;™':?r 
recombinaaon with .he endogenous gene T^c^v 5",^''''" """"'"^""^ 

(-d.a.theS-andrends.a^incJSinle^^^Cr:^'"^^"^^^ 
veco„;. The veco, .s ,„„oduced into a nUcoorganism (e.g., by elcctroporation, Id 
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cells in which the iniroduced MCT gene has homologously recombined wiih ihcr 
endogenous MCT gene are selected, using an-known lechniques. 

In another en:ibodiment, recombinant microorganisms can be produced which 
contain selected systems which allow for regulated expression of the introduced gene. 
5 For example, inclusion of an MCT gene on a vector placing it under control of the lac 
operon permits expression of the MCT gene only in the presence of IPTG. Such 
regulatory systems are well known in the an. ( 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 
culture, can be lised to produce (i.e., express) an MCT protein. Accordingly, the 

10 invention fiinher provides methods for producing MCT proteins using the host cells of 
the invention. In one embodiment, the method comprises culruiing the host cell of 
invention (into which a recombinant expression vector encoding an MCT protein has 
been introduced, or into which genome has been introduced a gene encoding a wild-type 
or altered MCT protein) in a suitable medium until MCT protein is produced. In another 

15 embodiment, the method further comprises isolating MCT proteins from the medium or 
the host cell. 

C holated MCT Proteins 

Another aspect of the invention penains to isolated MCT proteins, and 

20 biologiczUly active portions thereof An "isolated" or "purified" proiein or biologically 
active ponion thereof is substaniially free of cellular material when produced by 
recombinant DN A techniques, or chemical precursors or other chemicals when 
chemically synthesized. The language "substantially free of cellular material" includes 
preparations of MCT protein in which the protein is separated from cellular components 

25 of the cells in which it is naturally or recombinanily produced. In one embodiment, the 
language "substantially free of cellular material" includes preparations of MCT protein 
. having less than about 30% (by dry weight) of non-MCT protein (also referred to herein, 
as a "contaminating protein"), more preferably less than about 20% of non-MCT 
protein, still more preferably less than about 1 0% of non-MCT proiein, and most 

30 preferably less than about 5% non-MCT protein. When the MCT protein or biologically 
active portion thereof is recombinantly produced, it is also preferably substantially free 
of culture medium, i.e., culture medium represents less than about 20%, more preferably 
less than about 10%, and most preferably less than about 5% of the volume of the 
protein preparation. The language "substantially free of chemical precursors or other 

35 chemicals'* includes preparations of MCT protein in which the protein is separated from 
chemical precursors or other chernicals which are involved in the synthesis of the 
protein. In one embodiment, the language "substantially fi^e of chemical precursors or 
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other chemicals" includes preparations of MCT proiein having less ihan about 30% (by 
dry weight) of chemical precursors or non-MCT chemicals, more preferably less ihan 
about 20% chemical precursors or non-MCT chemicals, still more preferably less than 
about 10% chemical precursors or non-MCT chemicals, and most preferably less than 
5 about 5% chemical precursors or non-MCT chemicals. In preferred embodiments, 

isolated proteins or biologically active portions thereof lack contaminating proteins from 
the same organism from which the MCT protein is derived. Typically, such proteins are 
produced by recombinant expression of, for example, a C glutamicum MCT protein in a 
microorganism such as C. glutamicum 

1 0 An isolated MCT protein or a ponion thereof of the invention can participate in 

the metabolism of compounds necessary for the construction of cellular membranes in 
C glufamicum^ or in the transport of molecules across these membranes, or has one or 
more of the activities set forth in Table 1. In preferred embodiments, the protein or 
ponion thereof comprises an amino acid sequence which is sufficiently homologous to 

15 an amino acid sequence of Appendix B such that the proiein or portion thereof maintains 
the ability panicipate in the metabolism of compounds necessary for the construction of 
cellular membranes in C glutamicum, or in the iranspon of molecules across these 
membranes. The portion of the protein is preferably a biologically active portion as 
described herein. In another preferred embodiment, an MCT protein of ihe invention 

20 has an amino acid sequence shown in Appendix B. In yet another preferred 

embodiment, the MCT protein has an amino acid seqixence which is encoded by a 
nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to a 
nucleotide sequence of Appendix A. In still another preferred embodiment, the MCT 
protein has an amino acid sequence which is encoded by a nucleotide sequence that is at 

25 leas: about 50-60%, preferably at least about 60-70%, more preferably at least about 70- 
80%, 80-90%, 90-95%, and even more preferably at least about 96%, 97%, 98%, 99% 
or more homologous to one of the amino acid sequences of Appendix B. The preferred 
MCT proteins of the present invention also preferably possess at least one of the MCT 
activities described herein. For example, a preferred MCT protein of the present 

30 invention includes an amino acid sequence encoded by a nucleotide sequence which 
hybridizes, e.g., hybridizes tmder stringent conditions, to a nucleotide sequence of 
Appendix A, and which can participate in the metabolism of compounds necessary for 
the construction of celliUar membranes in C glutamicum^ or in the transpon of 
molecules across these membranes, or which has one or more of the activities set forth 

35 in Table. 1. 

In other embodiments, the MCT protein is substantially homologous to an amino 
acid sequence of Appendix B and retains the functional acnivity of the protein of one of 



the sequences of Appendix B yei differs in amino acid sequence due lo nauiral variaiion 
or mutagenesis, as described m deiail in subsection I above. Accordingly, in another 
embodiment, the MCT protein is a protein which comprises an amino acid sequence 
which is at least about 50-60%, preferably at least about 60-70%, and more preferably at 
least about 70-80, 80-90, 90-95%, and most preferably at leas: about 96%, 97%, 98%, 
99yo or more homologous to an entire amino acid sequence of Appendix B and which 
has at least one of the MCT activities described herein. In another embodiment, the 
invention pertains to a full length C gluramicum protein which is substantially 
homologous to an entire amino acid sequence of Appendix B. 

Biologically active ponions of an MCT protein include peptides comprising 
amino acid sequences derived from the amino acid sequence of an MCT protein, e.g., 
the an amino acid sequence shown in Appendix B or the amino acid sequence of a 
protein homologous to an MCT protein, which include fewer amino acids than a full 
length MCT protein or the full length protein which is homologous to an MCT protein, 
and exhibit at least one activity of an MCT protein. Typically, biologically active 
ponions (peptides, e.g.. peptides which are, for example, 5. 10, 15, 20, 30, 35, 36, 37, 
38, 39, 40, 50, 1 00 or more amino acids in length) comprise a domain or motif with at 
least one activity of an MCT protein. Moreover, other biologically active portions, in 
which other regions of the protein are deleted, can be prepared by recombinant 
techniques and evaluated for one or more of the activities described herein. Preferably, 
the biologically active ponions of an MCT protein include one or more selected 
domains/moiifs or ponions thereof having biological aaivity. 

MCT proteins are preferably produced by recombinant DNA techniques. For 
example, a nucleic acid molecule encoding the protein is cloned into an expression 
veaor (as described abovej, the expression vector is introduced into a host cell (as 
described above) and the MCT protein is expressed in the host cell. The MCT protein 
can then be isolated from the cells by an appropriate purification scheme using standard 
protein purification techniques. Alternative to recombinant expression, an MCT protein, 
polypeptide,, or peptide can be synthesized chemically using standard peptide synthesis 
techniques. Moreover, native MCT protein can be isolated from cells (e.g., endothelial 
cells), for example using an anti-MCT antibody, which can be produced by standard 
techniques urilizing an MCT protein or fragment thereof of this invention. 

The invention also provides MCT chimeric or fusion proteins. As used herein, 
an MCT "chimeric protein" or "fusion protein" comprises an MCT polypeptide 
operatively linked to a non-MCT polypeptide. An "MCT polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to an MCT protein, whereas 
a "non-MCT polypeptide" refers to a polypeptide having an amino acid sequence 



corresponding to a protein which is nox subsianiially homologous lo ihe MCT protein, 
eg-, a protein which is different from ihe MCT protein and which is derived from the 
same or a different organism. Within the fusion protein, the term *'operativel> linked" is 
intended to indicate that the MCT polypeptide and the non-MCT polypeptide are fused 
in-frame to each other. The non-MCT polypeptide can be fused to the N-terminus or C- 
terminus of the MCT polypeptide. For example, in one embodiment the fusion protein 
is a GST-MCT fusion protein in which the MCT sequences are fused to the C-terminus 
of the GST sequences. Such fusion proteins can faciliute the purification of 
recombinant MCT proteins. In another embodiment, the fusioii protein is an MCT 
protein containing a heterologous signal sequence at its N-terminus. In cenain host cells 
(e.g., mammalian host cells), expression and/or secretion of an MCT protein can be 
increased through use of a heterologous signal sequence. 

Preferably, an MCT chimeric or fusion protein of the invention is produced by 
standard recombinant DNA techniques. For example, DNa fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance with 
conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate lemiini, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation, in another embodiment, the fusion gene 
can be synthesized by convenuonal techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 
fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example, Curreni Froiocoh in Molecular Biology^ eds. Ausubel 
et al. John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). An MCT- 
encoding nucleic acid can be cloned into such an expression veaor such that the fusion 
moiety is linked in-frame to the MCT protein. 

Homologues of the MCT protein can be generated by mutagenesis, e.g., discrete 
point muution or truncation of the MCT protein. As tised herein, the term ''homologue" 
refers to a variant form of the MCT protein which acts as an agonist or antagonist of the 
activity of the MCT protein. An agonist of the MCT protein can retain substantially the 
same, or a subset, of the biological acxiviiies of the MCT protein. An antagonist of the 
MCT protein can inhibit one or more of the activities of the naturally occurring fonn of 
the MCT protein, by, for example, competitively binding to a downstream or upstream 
member of the cell membrane component metabolic cascade which includes the MCT 



-39. 



protein, or by binding to an MCT protein which mediates iranspon of compounds across 
such membranes, thereby preventing translocation from taking place. 

in an alternative embodiment, homblogues of the MCT protein can be identified 
by screening combinatorial libraries of mutants, e.g., rruncaiion mutants, of the MCT 
5 protein for MCT protein agonist or antagonist activity. In one embodiment, a variegated 
library of MCT variants is generated by combinatorial mutagenesis at the nucleic acid 
level and is encoded by a variegated gene library. A variegated library of MCT variants 
can be produced by, for example, enzymatically ligating a mixture of synthetic 
oligonucleotides into gene sequences such that a degenerate set of potential MCT 

1 0 sequences is expressible as individual polypeptides, or alternatively, as a set of larger 
fusion proteins (e.g., for phage display) containing the set of MCT sequences therein. 
There are a variety of methods which can be used to produce libraries of potential MCT 
homologues from a degenerate oligonucleotide sequence. Chemical synthesis of a 
degenerate gene sequence can be performed in an automatic DN A synthesizer, and the 

1 5 synthetic gene then ligated into an appropriate expression vector. Use of a degenerate 
set of genes allows for the provision, in one mixture, of all of the sequences encoding 
the desired sei of potential MCT sequences. Methods for synthesizing degenerate 
oligonucleotides are known in the an (see, e.g., Narang, S.A. (1983) Tevahedron 39:3; 
Itakura et al. (1984y^n«i/. Rev. Biochem, 53:323; Itakura et al. (1984) Science 

20 1 98: 1 056; Ike et al, (1 983) Nucleic Aad Re^\ 1 1 :477. 

In addition, libraries of fragments of the MCT protein coding can be used to 
generate a variegated population of MCT fragments for screening and subsequent 
selection of homologues of an MCT protein. In one embodiment, a library of coding 
seqixence fragments can be generated by treating a double stranded PCR fragment of an 

25 - MCT coding sequence with a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded DNa, renaturing the DNa to 
form double stranded DMA which can include sense/aniisense pairs from different 
nicked produas, removing single stranded portions from reformed duplexes by 
treatment with SI nuclease, and ligating the resulting fragmeiit library into an expression 

30 vector. By this method, an expression library can be derived which encodes N-terminal, 
C-terminal and internal fragments of various sizes of the MCT protein. 

Several techniques are known in the an for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 

35 rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
MCT homologues. The most widely used techniques, which are amenable to high 
through-put analysis, for screening large gene libraries typically include cloning the 



-40- 



gene library inio replicable expression vectors, transforming appropriate cells with the 
resalling library of vectors, and expressing the combinaiorial genes under conditions in 
which detection of a desired aaivity facilitates isolation of the vector encoding the gene 
whose product was detected Recursive ensemble mutagenesis (REM), a new technique 
5 which enhances the frequency of functional mutants in the libraries, can be used in 
combination with the screening assays to identify MCT homologues (Arkin and 
Yourvan (1992) PNaS 59:781 1-7815; Delgrave et al. (1993) Proiein Engineering 
, 6(3):327.331). 

In another embodiment, cell based assays can be exploited to analyze a 
10 variegated MCT library, using methods well known in the an. 

D Uses and Methods of (he Invention 

The nucleic acid molecules, proteins, proiein homologues, fusion proteins, 
primers, vectors, and host cells described herein can be used in one or rhore of the 

15 following methods; identification of C glutamicum and related organisms; mapping of 
genomes of organisms related to C glutamicum^ identification and localisation of C 
glutamicum sequences of interest; evolutionary studies; determination of MCT proiein 
regions required for function; modulation of an MCT protein activity; modulation of the 
metabolism of one or more cell membrane components; modulation of the 

20 transmembrane transpon of one or more compounds; and modulation of cellular 
production of a desired compound, such as a fine chemical. 

The MCT nucleic acid molecules of the invention have a variety of uses, first, 
ihey may be used to identify an organism as being Corynebacterium glutamicum or a 
close relative thereof. .AJso, they may be used to identify the presence of C glutamicum 

25 or a relative thereof in a mixed population of microorganisms. The invention provides ' 
the nucleic acid sequences of a number of C, glutamicum genes; by probing the 
extracted genomic DNA of a culture of a unique or mixed population of microorganisms 
under stringent conditions with a probe spanning a region of a C. glutamicum gene 
which is unique to this organism, one can ascenain whether this organism is present. 

30 Although Corynebacierium glutamicum itself is nonpathogenic, it is related to 

pathogenic species, such as Coryne bacterium diphtheriae. Detection of such organisms 
is of significant clinical relevance. 

Further, the nucleic acid and protein molecules of the invention may serve as 
markers for specific regions of the genome. This has utility not only in the mapping of 

35 the genome, but also for functional studies of C. glutamicum proteins, for example, to 
idennty the region of the genome to which a particular C. glutamicum DNA-binding 
protein binds, the C. glutamicum genome could be digested, and the fragments incubated 
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with the DNA-binding proiein. Those which bind the protein may be additionally probed 
with the nucleic acid molectiles of the invention, preferably with readily detectable 
labels; binding of such a nucleic acid molecule to the genome fragment enables the 
localization of the fragment to the genome map of C. gluramicum, and, when performed 
multiple times with different enzymes, facilitates a rapid determination of the nucleic 
acid sequence to which the proiein binds. Further, the nucleic acid molecules of the 
invention may be sufficiently homologous lo the sequences of related species such that 
these nucleic acid molecules may serve as markers for the construaion of a genomic 
map in related bacteria, such as Brevibacterium iQciofermenium. 

The MCT nucleic acid molecules of the invention are also useful for 
evolutionary and protein structural studies. The metabolic and transpon processes in 
which the molecules of the invention participate are utilized by a wide variety of 
prokaryoiic and eukary otic cells; by comparing the sequences of the nucleic acid 
molecules of the present invention to those encoding similar enzymes from other 
organisms, the evolutionary relatedness of the organisms can be assessed. Similarly, 
Such a comparison permits an assessment of which regions of the sequence are 
conserved and which are not, which may aid in determining those regions of the protein 
which are essential for the functioning of the enzyme. This type of determination is of 
value for protein engineering studies and may give an indication of what the proiein can 
tolerate in terms of mutagenesis without losing function. 

Manipulation of the MCT nucleic acid molecules of the invention may result in 
the producdon of MCT proteins having functional differences from the wild-type MCT 
proteins. These proteins may be improved in efficiency or activity, may be present in 
greater numbers in the cell than is usual, or may be decreased in efficiency or aaiviiy. 

There are a number of mechanisms by which the alteration of an MCT protein of 
the invention may directly atfea the yield, production, and/or efficiency of production 
of a fine chemical from a C gluramicum strain incoiporating such an altered proiein. 
Recovery of fine chemical compounds from large-scale cultures of C gluiamicum is 
significantly improved if C. gluiamicum secTetes the desired compounds, since such 
compounds may be readily purified from the culture medium (as opposed to extraaed 
from the mass of C gluramicum cells). By either increasing the number or the activity 
of transporter molecules which expon fine chemicals from the cell, it may be possible lo 
increase the amount of the produced fine chemical which is present in the extracellular 
medium, thus permitting greater ease of harvesting and purification. Conversely, in 
order to efficiently overproduce one or more fine chemicals, increased amotmis of the 
cofaaors, precursor molecules, and intermediate compounds for the appropriate 
biosynthetic pathways are required. Therefore, by increasing the number and/or aaivity 
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of transporter proteins involved in the import of nutrients, such as carbon sources (i.e.. 
sugars), nitrogen sources (i.e., Wino acids, ammonium salts), phosphate, and sulfur, it 
may be possible to improve the production of a fine chemicaJ, due to the removal of any 
nutrient supply limitations on the biosymhetic process, further, fatty acids and lipids 
5 are themselves desirable fme chemicals, so by optimizing the activity or increasing the 
number of one or more MCT proteins of the invention which participate in the 
biosynthesis of these compounds, or by impairing the activity of one or more MCT 
proteins which are involved in the degradation of these compounds, it may be possible 
to increase the yield, production, and/or efficiency of production of faiiy acid and lipid 
10 molecules from C.^/ufo/n/cw/n. 

The engineering of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirealy impact the production of one or 
more desired fine chemicals from C .glutamicum. For example, the normal biochemical 
processes of metabolism result in the production of a variety of waste products {e.g., 
1 5 hydrogen peroxide and other reactive oxygen species) which may actively interfere with 
these same metabolic processes (for example, peroxynitrite is known to nitrate tyrosine 
side chains, thereby inanivating some enzymes having tyrosine in the active site 
(Groves, J.T. (1999) Curr. Opin, Chem, Biol 3(2): 226-235). While these waste 
products are typically excreted, the C glutamicum strains utilized for large-scale 
20 femientative production are optimized for the overproduction of one or more tine 

chemicals, and thus may produce more waste products than is typical for a wild-type C 
, glutamicum. By optimizing the aaivity of one or more MCT proteins of the invention 
which are involved in the expon of waste molecules, it may be possible to improve the 
viability of the cell and to maintain efficient metabolic activity. Also, the presence of 
25 high iniracellular levels of the desired fine chemical may actually be toxic to the cell, so 
f by increasing the ability of the cell to secrete these compounds, one may improve the 
viability of the cell. 

Further, the MCT proteins of the invention may be manipulated such that the 
relative amounts of various lipid and fatty acid molecules produced are altered. This 
30 may have a profound effect on the lipid composition of the membrane of the cell. Since 
each type of lipid has different physical propenies, an alteration in the lipid composition 
of a membrane may significantly alter membrane fluidity. Changes in membrane fluidity 
can impact the transpon of molecules across the membrane, which, as previously 
expUcaied, may modify the export of waste products or the produced fine chemical or 
35 the impon of necessary nutrients. Such membrane fluidity changes may also profoundly 
affect the integrity of the cell; cells with relatively weaker membranes are more 
vulnerable in the large-scale fennenior environment to mechanical saesses which may 
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da m a g e or kill ihe cell. By manipulating MCT proieins involved in the production of 
fany acids arid lipids for membrane consiruciion such thai ihe resulting membrane has a 
membrane composition more amenable to the environmental conditions extant in the 
cultures utilized to produce fine chemicals, a grtrater proportion of the C glutamicum 
5 cells should survive and multiply. Greater numbers of C. glutamicum cells in a culture 
should translate inio greater yields, production, or efliciency of production of the fine 
chemical from the culture. 

Tlie aforementioned mutagenesis strategies for MCT proteins to result in 
increased yields of a fine chemical from C. glutamicum are not meant to be limiting; 

10 variations on these strategies will be readily, apparent to one skilled in the an. Using 
such strategies, and, incorporating the mechanisms; disclosed herein, the nucleic acid and 
protein molecules of the invention may be utilized to generate C glutamicum or related 
strains of bacteria expressing mutated MCT nucleic acid and protein molecules such ihat 
the yields production, and/or efficiency of production of a desired compound is 

15 improved. This desired compound may be any natural product of C glutamicum^ vvhich 
includes the final products of biosynthesis pathways and intermediates of naturally- 
occurring metabolic pathways, as well as molecules which do not naturally occur in the 
merabolism of C glutamicum, but which are produced by a C glutamicum strain of the 
invention. 
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This invemion is funher illusiraied by the following examples which should noi 
be construed as limiting. The coniems of all references, paieni applicauons, patenis, and 
published paieni applicauons ciied throughout this application are hereby incorporated 
by reference. 

Exemplification 

Exaimple 1: Preparaiion of total genomic DN A of Corynebacitfrium gluiamicum 
ATCC 13032 

A culture of Coryncbacterium glutamicum (aTCC 13032) was grown overnight 
at SO^'C with vigorous shajdng in BHI medium (Difco). The cells were harvested by 
centrifugarion, the supernaiapi was discarded and the cells were rcsuspendcd in 5 ml 
buffer-1 (5% of the original volume of the culmre — all indicated volumes have been 
calculated for 100 ml of culture volume). Composition of bufter-l: 140.34 g/1 sucrose^ 
2.46 g/1 MgSO, X 7HjO, 10 mI/1 KH^PO* solution (100 g/1, adjusted to pH 6.7 with 
KOH), 50 ml/1 M12 concentrate (10 g/1 (NH.).SO,. 1 g/1 NaCl, 2 g/1 MgSO. x 7H,0, 
0.2 g/1 CaCU, 0.5 g/1 yeast extract (Difco), 1 0 ml/I trace-elements-mix (200 mg/1 FeSO, 
X H,0, 10 mg/l ZnSO, x 7 H.O, 3 mg/1 MnCl, x 4 H^O, 30 mg/1 HjBO, 20 mg/1 CoCl, x 
6 HjO, 1 mg/l NiCl^ x 6 H.O, 3 mg/1 Na^MoO. x 2 H.O, 500 mg/1 complexing agent 
(£DTA or critic acid), 100 ml/1 vitamins-mix (0.2 rag/1 biotin, 0.2 mg/1 folic acid, 20 
mg/1 p-amino benzoic acid, 20 mg/1 riboflavin, 40 mg/1 ca-panihothenaie, 140 mg/1 
nicotinic acid, 40 mg/1 pyridoxole hydrochloride, 200 mg/1 myo-inosiiol). Lysozyme 
was added to the suspension to a final concentration of 2.5 mg/ml. After an 
approximately 4 h incubation at 37'C, the cell wall was degraded and the resulting 
protoplasts are harvested by centrifugaiion. The pellet was washed once with 5 ml 
buffer-I and once with 5 ml TE-buffer (10 mM Tris-HCl, 1 mM EDTa, pH 8). The 
pellet was resuspended in 4 ml TE-buffer and 0.5 ml SDS solution (10%) and 0.5 ml 
NaCl solution (5 M) are added. Alter adding of proteinase K to a final concentration of 
200 ^g/ml, the suspension is incubated for ca. 18 h at 37*^0. The DNa was purified by 
extraction with phenol, phenol-chloroform-isoamylalcohol and chloroform- 
isoamylalcohol using standard procedures. Then, the DNA was precipitated by adding 
1/50 volume of 3 M sodium acetate and 2 volumes of ethanol, followed by a 30 miii 
incubation at -20X and a 30 min centrifiigation at 12,000 rpm in a high speed centrifuge 
using a SS34 rotor (Sorvall). The DNA was dissolved in 1 ml TE-buffer containing 20 



^4g/ml RNaseA and dialysed at 4''C against 1 000 ml TE-buffer for at least 3 hours. 
During this time, ihe buffer vvas exchanged 3 times. To aliquoxs of 0.4 ml of the 
dialysed DNA solution, 0.4 ml of 2 M LiGl and 0.8 ml of exhanol are added. After a 30 
min incubation at -20''C, the DNa was collected by centrifugation (13,000 rpm, Biofuge 
5 Fresco, Heraeus, Hanau, Germany). The DNA pellet was dissolved in TE-buffer. DNA 
prepared by this procedure could be used for all purposes, including southern blotting or 
construction of genomic libraries. 

Example 2; Construction of genomic libraries in Escherichia coH of Corynebucterium 
10 ^/wfamicwm ATCC13032. 

Starting from DNA prepared as described in Example 1. co&mid and plasmid 
libraries were constructed according to known and well established methods {see e.g., 
Sambrook, J. ei ah (1989) '^Molecxxlar Cloning : A Laboratory Manual", Cold Spring 
Harbor Laboratory Press, or Ausubel, f .M. ei al (1994) "Current Protocols in Molecular 
15 Biology", John Wiley & Sons.) 

Any plasmid or cosmid could be used. Of panicular use were the plasmids pBR322 
(Suiciiffe, J.G. (1979) Proc. Natl. Acad. Sci. USA, 75:3737-3741); pACYC177 (Change & 
Cohen (1978) J. Bacteriol 134:1 141-1 156), plasmids of the pBS series (pBSSK-r, pBSSK- and 
others; Stratagene, LaJolla, USA), or cosmids as SuperCosl (Stratagene, LaJoUa, USA) or 
20 Lorist6 (Gibson, T.J., Rosenthal A. and Waierson, R.H. (1987) Gene 53:283-286. 

Example 3: DNA Sequencing and Computational Functional Analysis 

Genomic libraries as described in Example 2 were used for DNA sequencing 
according to standard methods, in particular by the chain temiination method using 
25 AB1377 sequencing machines (see e.g., Fleischman, R.D. et al. (1995) ^^Whole-genome 
Random Sequencing and Assembly of Haemophilus Influen2ae Rd., Science, 269:496- 
512). Sequencing primers with the following nucleotide sequences were used: 5'- 
GGaAACAGTATGaCCaTG-3' or 5'-GTAAAACGaCGGCCaGT-3\ 

30 Example 4: //? vivp Mutagenesis 

7w vivo mutagenesis of Curynebacrerium glutamicum can be performed by passage of 
plasmid (or other vector) DNA through £. coli or other microorganisms (e.g. Bacillus spp. or 
yeasts such as Saccharomyc^s cerevisiae) which are impaired in their capabilities to n:iaintain 
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ihe mtegrity of iheir genetic informaiion. Typical mutaior strains have mutations in the genes 
for, The DNA repair system (e.g., muiHLS, mutD, mutT, etc.; for reference, see Rupp, W.D. 
(1996) DNA repair mechanisms, in: Escherichia col\ and Salmontlla, p. 2277-2294, ASM: 
Washington.) Such strains are well known lo those skilled in the an. The use of such strains is 
5 illustrated, for example, in (jxeener, A. and Callahan* M. (1994) Strategies 7: 32-34. 

Example 5: DNA Transfer Bet>veen Escherichia coli and Corynebacterium 
gluxamicum 

Several CorynehQCTerium and Brevibacfcrium species contain endogenous 

1 0 plasmids (as e.g., pHMlS 19 or pBLl ) which replicate autonomously (for review see, e.g., 
Manin, J.F. tf/ (1987) Biotechnology, 5:137-146). Shunle vectors for £!4-c'/3erjcfea co/i 
and Corynebacterium glusamicum can be readily -constructed by using standard vectors for 
E coli (Sambrook, J. et ai (1989), "Molecular Cloning: A Laboratory Manual" Cold 
Spring Harbor Laboratory Press or Ausubel, F.M. ei al (1994) "Current Protocols in 

1 5 Molecular Biology", John Wiley & Sons) to which a origin or replication for and a 

suitable marker from Corynebacterium gJutamicum is added. Such origins of replication 
are preferably taken from endogenous plasmids isolated from Corynebacterium and 
Brevibacterium species. Of particular use as transformation markers for these species are 
genes for kanamycin resistance (such as those derived from the Tn5 or Tn903 

20 transposons) or chloramphtaiicol (Wiimacker, E.L. (1987) "From Genes to Clones — 

Introduction to Gene Technology, VCH, Weinheim). There are numerous examples in the 
literature of the construction of a wide variety of shunle vectors which replicate in both £. 
coli and C glutamicum, and which can be used for several purposes, including gene over- 
expression (for reference, see e.g., Yoshihama, M. ei al. (1985) J. BacterioL 162:591-597, 

25 Martin J.F. et al. (1987) Biotechnology, 5:137-146 and Eikmanns, B J. et al, (1991 ) Gene; 
102:93-98). 

Using standard methods, it is possible to clone a gene of interest into one of the 
shuttle vectors described above and to introduce such a.hybrid vectors into sirains of 
Corynebacterium gluiamicum. Transformation of C glutamicum can be achieved by 
30 protoplast transformation (Kastsumata, R, et al. (1984) J. Baaeriol. 159306-3 11), 

elecnroporation (Liebl, E. et al. (1989) FEMS Microbiol. Leners, 53:399-303) and in cases 
where special vectors are used, also by conjugation (as described e.g. in Schafer, A et al. 
(1990) J. Bacteriol. 172:1663-1666). It is also possible to transfer the shuttle vectors for 
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C gluramicum to £. coii by preparing plasmid DNa from C\ glutumicum (using standard 
nieihods well-known in the an) and rransforniing ii into £. coli. This transformation step 
can be performed using standard methods, but it is advantageoxis to use an Mcr-deficiem 
E coli strain, such as NM522 (Cough & Murray (1983) J. Mol. Biol. 166:1-19). 

5 . 

Example 6: Assessment of the Expression of the Mutant Protein 

Observations of the activity of a mutated protein in a transformed host cell rely on 
the fact that the mutant protein is expressed in a similar fashion and in a similar quantity 
to that of the wild-iype protein. A useful method to ascertain the level of transcription of 
10 the mutant gene (an indicator of the amoimt of mKNA available for translation to the gene 
produa) is to perform a Northern blot (for reference see, for example. Ausubel et al. 
y (1988) Current Protocols in Molecular Biology, Wiley: New York), in which a primer 

designed to bind to the gene of interest is labeled with a detectable tag (usually radioaaive 
or chemiluminescem), such thai when the total RNA of a culture of the organism is 
15 extracted, run on gel, transferred to a stable matrix and incubated with this probe, the 
binding and quantity of binding of the probe indicates the presence and also the quantity 
of mRNA for this gene. This information is evidence of the degree of transcription of the 
mutant gene. Total cellular RNA can be prepared from Carynebacrerium gluiamicum by 
several methods, all well-known in the an, such as that described in Bormann, E.R. ei al. 
20 [1992) Mol Microbiol 6: 111 '326. . 

To assess the presence or relative quantity of protein translated from this mRNA, 
standard techniques, such as a Western blot, may be employed (see, for example, Ausubel 
et al. (1988) Current Protocols in Molecular Biology, Wiley: New York). In this process, 
total cellular proteins are extracted, separated by gel electrophoresis, transferred to a 
25 matrix such as nitrocellulose, and incubated with a probe, such as an antibody, which 
specifically binds to the desured protein. This probe is generally tagged with a 
cherailuminescent or colorimetric label which may be readily detected. The presence and 
quantity of label observed indicates the presence and quantity of the desired niuiani 
protein present in the cell. 

30 
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Exdznple 7: Growth of Geoetically Modified Corynebacurium glutamicum — Media 
and Culture Conditions 

Genetically modified Coryntrbaaeria are cultuxed in synthetic or natural growth 
media, A number of different growth media for Corynebacteria are both well-known and 
readily available (Lieb ei al (1989) Appl. Microbiol. Bioiechnol., 32:205-210; von der 
Osten et al (1998) Biotechnology Leners, 11:11-16; Patent DE 4,120,867; Liebl (1992) 
"The Genus Corynebaaenum, in: The Procaryotes, Volume II. Balows, A. er al, eds. 
Springer- Verlag). These media consist of one or more carbon sources, nitrogen sources, 
inorganic salts» vitamins and trace elemenis. Preferred carbon sources are sugars, such as 
mono-, di-, or polysaccharides. For example, glucose, fructose, mannose, galactose, 
ribose, sorbose, ribulose, lactose, maltose, sucrose, raffmose, starch or cellulose serve as 
very good carbon sources. It is also possible to supply sugar to the media via complex 
compounds such as molasses or other by-products from sugar refinement. It can also be 
advantageous to supply mixtures of different carbon sources. Other possible carbon 
sources are alcohols and organic acids, such as methanol, ethanol, acetic acid or lactic 
acid Nitrogen sources are usually organic or inorganic nitrogen compounds, or materials 
which contain these compounds. Exemplary nitrogen sources include ammonia gas or 
ammonia salts, such as NH*CI or (NH,)2S0„ NROH, nitrates, urea, amino acids or 
complex nitrogen sources like com steep liquor, soy bean flotir, soy bean protein, yeast 
extract, meat extract and others. 

Inorganic salt compounds which may be included in the media include the 
chloride-, phosphorous- or sulfate- salts of calcium, magnesium, sodium, cobalt, 
molybdentim, potassium, manganese, zinc, copper and iron. Chelating compounds can be 
added to the medium to keep the metal ions in solution. Particularly useful chelating 
compounds include dihydroxyphenols» like catechol or protocatechuate, or organic acids, 
such as citric acid. It is typical for the media lo also contain other growth faaors, such as 
vitamiBS or growth promoters, examples of which include biotin, riboflavin, thiamin, folic 
acid, nicotinic acid, pantothenate and pyridoxin. Growth factors and salts frequently 
originate from complex media components such as yeast extract, molasses, com steep 
liquor and others. The exact composition of the media compounds depends strongly on 
the immediate experiment and is individually decided for each specific case. Information 
about media optimization is available in the textbook "^Applied Microbiol. Physiology. A 
Practical Approach (^^5. P.M. Rhodes, P-f , Stanbuiy, IRL Press (1997) pp. 53-73, ISBN 0 



19 963577 3). also possible to selea grovvth media from commercial suppliers like 
standard 1 (Merck) or BHl (grain hean infusion, DIf C) or other.. 

AH medium components are sxexilized. either by heat (20 minutes at 1 .5 bar and 
121 C) or by sterile filtration. The components can either be sterilized together or if 
5 necessa:^. separately. All media components can be present at the beginning of growth 
or ihey can optionally be added continuously or batchwise. 

Culture conditions are defined separately for each experiment. The temperature ' 
should be in a range between 15-C and 45-C: The temperature can be kept constant or can 
be altered during the experiment. The pH of the medium should be in die range of 5 to 
10 8.5, preferably around 7.0. and can be maintained by the addition of buffers lo the media 
An exemplary buffer for this purpose is a potassium phosphate buffer. Synthetic buffers 
.uch as MPPS, HEPES. ACES and others can alternatively or simultaneously be used It 
IS also possible to maintain a constant culture pH through the addition of NaOH or 
NH.OH during growth. If complex medium components such as yeast extract are utilized 

5 necessity for additional bufters may be reduced, due to the faa that many complex 
compounds have high buffer capacities. If a fermentor is utilized for culmring the micro- 
organisms, the pH can also be controlled using gaseous ammonia. 

The incubation time is usually in a range from several hours to several days This 
time ,s selected in order to pexmit themaximal amount of product to accumulate in the 
broth. The disclosed growth experiments can be carried out in a variety of vessels, such as 
nncromer plates, glass mbes. glass flasks or glass or metal fennentors of different sizes 
for screening a large number of clones, the microorganisms should be cultured in 
microliter plates, glass tubes or shake flasks, either with or without baffles. Preferably 
100 ml shake flasks are used, filled with 10% (by volume) of the required growth 
medium. The flasks should be shaken on a rotary shaker, (amplitude 25 mm) using a 
speed-range of 100 - 300 rpm. Evaporation losses can be diminished by the maintenance 
of a humid atmosphere; alternatively, a mathematical correction for evaporation losses 
should be performed. 

If genetically modified clones are tested, an unmodified control clone or a control 
clone containing the basic plasmid without any insen should also be tested. The medium 
IS moculated to an OD^, of 0.5 - 1.5 using cells grown on agar plates, such as CM plates 
(10 g/1 glucose. 2.5 g/1 NaCl, 2 g/1 urea. 10 g/1 polypeptone, 5 g/1 yea., extract, 5 g/1 meat 
extract, 22 g/1 NaCl. 2 g/l urea. 10 g/1 polypeptone. 5 g/, yeast extract. 5 g/1 meat extract. 
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22 ^. agar. pH 6.S wim 2M NaOH, had be„ i„cuba«d a, aO'C. inoculauon of U,. 

™pH.hed eiU.^ toMuc.o„ of a saline suspension of C „ 
from CM plaKs or addition of a liquid p«cul,„re of ftis bacKrium. 

5 Example 8 -/„ vUro Analysis of the Function of Mutant Proteins 

The dneiTMnauon of acdvities and kinetic parameters of enzymes is well 
estabUshed m the an. Experiments to determine the activity of any^ven li^^ 
=n^e must te tailored to the specific activity of the wild-ype en^e, which is well 

.0 aT^rcSn""""'*""''"*-"- °-"-"'-»—^n.es in general, r:^, 
1 . T concennng structure. lin«ics, principles, methods, application and 
«^P es for the determination of many enzyme acdvities may be found, for example, in 
*e follow,ng references: Dixon, M„ and Webb. E.C.. <, 979) En^mes. tongmans 
Lotjdon; Fetsh,. (,985) Enzyme Stmcture and Mechanism, freeman: New 
Walsh. (1979) Enzymatic Reaction Mechanisms. Fireman: San Francisco- Price' N C 
Pr"; !-, o»f ' of Enzymology Oxford Univ. Press. cSo^^ Boy^ ' 
P.O.. ed. (1983) The Enzymes. 3" ed. Academic Press: New York- Bisswanse^ H 
(1994) Enzymkinetik. 2" ed. VCH: Weinheim (ISBN 3527300325) BZe;^ H U 

^0 nS;f^o ""'"^'^ E-yclopedia of Industdal Chemisny 

20 (1987) vol. A9. -Enzymes". VCH: Weinheim, p. 352-363 

e. K,- 1^. "t"'" "^'■""""^ ""^ '° '^'"^^ by sevetal well- 

c^bl^hed methods, such as DNA band-shifi assays (also called gel retardation assays) 
•nc effect of such proteins on the expression of other molecules can be measured usine 
'?9Tr9n?%''T^"''"'^''""''''^''°'"--«-«^-<'''=)=MB0l H: 

est! r r"' »d 

estabhshed for apphcanons u. both pro- and eukaryotic cells, using enzymes such as 
beta-galactosidase. green fluorescent preiein, and several others 

The detennination of aoivity of membranctranspon proteins can be perfonned 
according to techniques such as those described in Gennis. R.B. (1989) -Pores 
Channels and Ttansponers", in Biomembnuies. Molecular Structure and Function 
Spnnger:HeideIbeig.p. 85-137; 199-234; and 270-322. 

ProTuer °" »^ *. Desired 

/h"ff«'°f<l'«SO«M modification in C«/«nm/c,,m on production of a 
deseed compound (such as an amino acid) can be assessed b, growing the modified 
microorgamsm under suitable conditions (such as those described above) and analyzing 
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the median, and/or the cellular component for increased production of the desired 

rrl' 1 ^'"'^ - - on. Skilled in 

the an, and mclude specao.copy. ihin layer chromatography, staining methods of 

S suT" H ?' Z"'"'"''"^' nucrobiological methods, and analyncal chromatography 
such a. high performance liquid chromatography (see, for example. Ullman 
Encyclopedia of Industrial Chemistry, vol. A2. p. 89-90 and p 443-613 VCH" 
Weinheim (1985); Fallon, A. ct al.. (1 987) "Applications of HPLC in filochemistry" in- 

0 99.) Biotechnology, vol. 3. Chapter III: -Product recovery and purification" page 
iO 469-7,4. VCH: Weinheim; Belter. P.A. et al. (1988) Bioseparatiot^: downstre^ 
I^ocessmg for biotechnology. John Wiley and Sons; Kennedy. J.F. and Cabral. J.M.S 
1992) Recovery processes for biological materials. John Wiley and Sons; Shaeiwitz. 
J.A. and Henry. .r.D. (1988) Biochemical separations, in: Ulmann's Encyclopedia of 

tJ. (1989) Separation and purification techniques in biotechnology Noves 
Publications.) j 

In addition to the measurement of the final product of femientation. it is also 

possible to analyze other components of the metabolic pathways utilized for the 
produaion of the desired compound, such as intermediates and side-products to 

detexmme the overall efficiency ofproduction of the compound. Analysis methods 
include measurements of nutrient levels in the medium (e.g., sugars, hydrocarbons 
nitrogen sources, phosphate, and other ions), measurements of biomass composition and 

^o^v^ analysis of Reproduction of common metabolites of biosynthencpa^^^^^ 
measuremem of gasses produced during femientation. Standard methods for these 

P M P 7 " ^^^^^*^^°ey, A Pracrical Approach. 

n.^M mooT ■ ^2'-^^3; and 165-192 

(ISBN: 0199635773) and references cited therein. 

Example 10: Purification of the Desired Product from C glusamicu^ Culture 

R-Pveiy of the desired product from the C. gluramicun. cells or supernatant of 
above-descnbed culture can be performed by various methods well known in the an 
If the desired product is not secreted from the.cells. the cells can be harvested from the ' 
culture by low-speed centrifrigation. the cells can be lysed by, standard techniques, such 
as mechamcal force or somcation. TTie cellular debris is removed by centrifuganon. and 
the supernatant fraction containing the soluble proteins is retained for further 
punfication of the desired compound. If the product is secreted from the C. gluramicun. 
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supemaiefiacnon IS rcKined for ftmher purification. 

The supemaiant ftacnon from either purificauon method is subjected to 
chromatography with a suitable resits in which the desired molecule is either retai™d 
5 a chromatog^ph. resm while many of the impurities in the sample a^ o/lWthT 
»P-es are ..ained by the resin while the sample is no,. Such chromatog,.;y teps 
2 repeated as necessary, using *e same or different chromatography r^^C^e 
^lled .n the m would be welLversed in the selection of appropHate cZnatograpW 
r^ins ana m therr most efficacious application for a panicular mo,ecule to be pSfi d 
.0 -n.epur.Ced product may be concentrated by ftlttation or ultrafiltration, and s.L at a 
temperature at which the stability of the product .s maximized. 

Tiere arr a wide array of purification methods known to the an and the 
precedmg method of purification is no, meant to be limiting. Such purification 
Kchmqucs a« d^ribed. for example. in.Bailey. J.E. & Oilis. D.F. Biochemical 
i> "S^^nns Fundamentals, McCraw-HiU: New York C1986J 

standa^dTi'""''"^'' ■"•^«<' ""l-und^ m-y be assessed by techniques 

standard mU,= art. These include high-perfonnance Uquid chromatography (HPLC) 
^^oscop.c m^e*ods. staining methods, thin Uyer chromatography. NfR^^^ 
,0 T 'T -"""^-'"S"^''- analysis methods are reviewed in: Patek 

32 and Schm.d, et al. (>998, SIcfrocess £ngi„eer. ,9: 67-70. Ulmann's Encyclopedia 

Atl f « K ' °- Biochemical Pathways- An 

"-Z: T'^^ Molecular Biology. John Wiley and Sons; Fallon. A et ^' 

25 ('««^MPPl.'auonsofHPLCinBiochemistr, in: Laboratory Techniques in 
Biochermstry and Molecular BioJogy, vol. 17. 

Equivalents 

'^"'^ "'^«*i» '«'>g'^. or will be able toascenain using no more 
30 than rouur. expenmenmion. many equivalents to *e specific embodiments of the 

rrgc™'""- — o-encompassedbythe . 
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BASF Aktiengesellschaft 990627 O.Z. 0050/50134 

»RXA02561-aiaino acid sequence 
(1-660, translated) 220 residues 

MVGASNGVTL SMGSU^AAHL AGASWGGSAA TLTTIGAAIF SIPLARMVST YDRRTSLSTG MLLGCVGAIili 
AILGAQFGLF PWI*LAFLFL GSMSAVNLQA RFAATDVASE ETRGRDLSIV VWSTTIGAIA GPNLFEPSAR 
FSETLGLEQH AGAYIiLCLFG QLIAIAVWRF TLPKGLKPEA TPNAPTEBCKR LTPKALQAIT SVATAHFSMV 
GliMSMAAIHM 

>RXA025 61 -nucleotide sequence A: upstream 

ATCTGCTCAATAACCTAACCTAAAGTCCATGCACGCCTCGTCGCCCCAACCTCACCCTCAGCGCACCCGTGTTC 
GCGGCCTGATTTTCGCCCAAATC 

>RXA025 61 -nucleotide sequence B: coding region ^ 

ATGGTTGGTGCATCCAATGGCGTGACGCTATCGATGGGAAGTTTGCTGGCAGCACACTTGGCC^^ 

AGGATCAGCCGCCACATTGACCACGATCGGCGCAGCTATCTTTTCGATTCCCCTTGCCCGCATGGTCTCCAC^ 

ATCGCCGAACTTCACTCAGCACGGGCATGTTGCTTGGTTGCGTGGGCGCACTACTGGCGATCCTCG^ 

GGCTTGTTTCGAGTAGTACTTTTGGCATTTTTGTTCCTCGGATCCATGTCGGCGGTTAACCTCCAAGGAC^ 

CGCAACCGACGTGGCCAGTGAAGAAACCCGCGGCCGCGACCTCTCGATCGTTGTGTGGTCCACCACC^ 

TCGCCGGACCAAATTTATTTGAACCAAGCGCCCGATTCAGCGAAACCCTGGGCCTCGAACAACAT^ 

GTGCTGTGTTTATTTGGCCAGCTCATCGCCATCGCAGTCTGGCGATTGACCCTCCCCAAAGGCCTC^ 

CACCCCAAATGCACCAACAGAAAAGAAGCGCCTCACCCCGAAAGCCCTCCAAGCCATCACATCGGTTG 

ACTTCTCCATGGTCGGTCTCATGTCCATGGCCGCCATCCACATG 



BASF Aktiengesellschaft 990627 O.Z..^00,5.0/5Q3.34._ 

»RXA02566-cunino acid sequence 
(1-438, translated) 146 residues 

ISLHVAGMY"A LSFVFGLIiTD KXGRNVTIYS GFAMLATSAA FLirWPEPQW AMITSMILLG LGWNSALVGS 
STLLVDATPI HHRTYAQGRS DLTMNLAGAS GGLIAGPLIA MGGMPLLAGV VLAWALQTV LSFRTRSIEK 
TPASCF 

>RXA025 6 6 -nucleotide sequence B: coding region 

ATCJVGTTTGCACGTCGCCGGAATGTACGCACTCTCACCAGTGTTCGGCCTGCTCACAGACAAACT^ 

CACCATCTATTCCGGCTTCGCCATGCTCGCCACATCCGCAGCATTTCTTATCATTTGGCCCGA^ 

TGATCACATCCATGATCCTGCTTGGGCTCGGCTGGAACTCTGCCCTCGTCGGTTCTTCAACATTGCTTGTC 

ACCCCCATCCACCACCGCACCTACGCCCAGGGGCGCAGCGACCTAACGATGAATCTTGCGGGAGCTTCAGC^ 

GATCGCCGGACCGTTAATTGCCATGGGCGGAATGCCCTTGTTGGCAGGCGTCGTTCTTGiCAGTTGTGGCGC 

CGGTGCTTAGTTTCAGAACCCGTTCAATTGAAAAGACTCCTGCTTCATGTTTT 

>RXA02566-nucleotide sequence C: downstream 

TAGCCTAGGAATTCACGCACGAC 



BASF Aktieagesellsclxaft 990627 o.Z.. OOJ50/503.3.4,, 

»RXA02 634 -amino acid sequence 
(1-1611, translated) 537 residues - . 

MRDLLPSRDD YQLLRFSWkM DIAAGVTVGI VALPLALAFG VSSGVGAEAG LVTAXIAGLV AAIFGGSNVQ 
VSGPTGAMW VLAPIVAQYG VGAVALLSIiM AGVIVLVAGV UU^GRTVSFI PWPVIEGFTA GIGVIIFLQQ 
VPAAFGYSGH LPTNALLAAI HTVSHATKDA ILPLLIIIVT AAIMIVLGKI APKLPASFIA ILWSIGVAL 
LKLPVELIGE LPNSLPAPHL PDVKLEMFTS LLGPAFAVAA LAAIESLLSA RVAASMADTG PYNADRELVG 
QGLASISAGF FGGSvlPATGAI ARTAVNVRSG GRTRIASIIH ALVLLGWYV AANIVAVIPL AALSGVLMVT 
ASRMVSIEVI SRVMRSTRSD AIVFVITAIV TISVDLVIAV GIGIAVATFF MLRRMSMNAG VFRETLPEPA 
TLNDEKIGLF RIEGALFFGA AERLSQQILD YEDLEWILR LSHIQMIDAT GAHQLTELVN ALERKNVTVX. 
IKGVRKEHXH VLGVLGAIRS LRHENHLFDD LAPAVEHARK HVKIDNS 
>RXAO 2 63 4 -nucleotide sequence A: upstream 

CAACGCGAAGGCTTAGTTGTTTATTACCGGCTCACCTACCCGGAGGTCGCAGACTTTCTTAAGGTG^ 
ATTAAAGAGGATGGCTGGCGAAG 

>RXA02 634 -nucleotide sequence B: coding region 

ATGCGTGACCTTTTACCCTCTAGAGACGACTATCAGCTACTCCGCTTCTCCTGGAAGATGGACATTGCTGCTGGCGT 

CACCGTGGGCATTGTTGCCCTCCCCCTCGCTCTCGCCTTTGGTGTGAGTTCTGGAGTCGGAGCCGAGGCAGGATTAG 

TGACTGCGATTATTGCTGGCCTGGTTGCAGCAATCTTCGGCGGTTCCAATGTGCAGGTTTC^ 

ATGGTGGTTGTTCTCGCTCGAATCGTGGCCCAATATGGTGTCGGTGCGGTTGCATTACTCAGCCT^ 

TATCGTCCTTGTCGCCGGAGTGCTTCGATTAGGCCGAACGGTGAGTTTCATTCCGTGGCCGGTGATCGAAGGATTTA 

CGGCAGGCATCGGTGTGATTATTTTCCTGCAACAGGTGCCAGCTGCGTTTGGTTATTCGGGCCATTTGCCCACCAAT 

GCGCTCCTCGCTGCGATTCACACTGTTTCACACGCCACGAAGGACGCAATTCTACCTCTCTTAATTATTATCGT^ 

CGCTGCGATCATGATTGTGTTGGGAAAGATCGCCCCAAAGCTCCCTGCCAGCTTCATTGCCATTTTGG 

TTGGCGTGGCTCTGCTCAAGCTTCCCGTTGAGTTGATCGGTGAGCTCCCCAATTCCCTTCCTGCCCCTCACCTGCCT 

GATGTGAACCTGGAGATGTTCACGAGTTTGCTGGGGCCAGCTTTTGCTGTCGCCGCGCTCGCTGCTA 

CCTTTCCGCTCGTGTGGCAGCCTCCATGGCCGATACGGGTCCTTATAATGCTGACCGCGAATTGGTCGGTCAGGGGT 

TGGCGTCGATAAGCGCTGGCTTTTTTGGCGGCATGCCGGCAACTGGCGCAATGGCGCGTACGGCGGTCAATGT^ 

TCCGGCGGGCGTACCCGTATAGCGTCGATTATTCACGCGCTTGTGCTGCTCGGCGTTGTGTATGTGGCGGCGAATAT 

CGTTGCGGTCATTCCGCTCGCCGCACTGTCGGGCGTGCTCATGGTCACCGCGAGCCGCATGGTGTCCATTGy^ 

TCTCGCGCGTCATGCGCTCCACTCGCTCTGATGCGATCGTTTTTGTCATCACCGCGATCGTCACCATCAGCGTCGAC 

CTCGTCATTGCGGTCGGCATCGGCATTGCCGTCGCGACGTTCTTCATGCTGCGACGCATGAGCATGAACGCCGGCGT 

CTTCCGGGAAACCTTGCCCGAACCGGCCACGCTTAACGACGAAAAGATCGGCCTTTTCCGTATCGAGGG^ 

TCTTTGGCGCAGCTGAACGTCTTTCGCAGCAAATCCTTGATTATGAGGACCTCGAAGTGGTGATCCTGCGCCTGTCA 

CACATCCAAATGATCGACGCCACCGGCGCqCACCAGCTCACCGAGCTTGTCAATGCGCTGGAAAGAAAAAAT^ 

TGTATTAATTAAGGGCGTCCGGAAAGAACACATTCACGTTCTCGGCGTCCTCGGAGCGATCAGATCACTGCGGCATG 

AGAACCACCTCTTCGATGACCTTGCCCCAGCGGTTGAACATGCCCGAAAACACGTTAAGATCGACAACAGT 

>RXA02 634-nucleotide secfuence C: downstream 

TAAGGCTTCCGGGGCGATCTAAA 



BASF Aktiengesellsclxaft 990627 o.Z. 0050/50134 

»RXA02 67 6-amino ac±d sequence 
(1-1389, translated) 4 63 residues 

MDTWEQTLGT GPLLGIAAGA lALILVLVIV FKLHAFLTLI LVSIVTAIAA GIPVTAWDT LliDGFGKTIA 
SVALLVGLGA MLGRIiVETSG GAKSIADTMV RIFGEKRftAF ALGVASLIMG FPIFFDAGLV VMLPVIFAVA 
RKLNGSVLTF GIPAAGAFSV MHVFVPPHPG PIAASEFFGA QVGYVLIAGI IVALPTWYLT GYLLGKFLGR 
KFPLPVPDLI, SGGAQEDDQP QNPANAVSII VILLIPMLLI FGNTGTSMAV SAGLLDAEST MVKILGFLGE 
TPVALLITLI lALFFIiGNRR GINGSAIiEKT lEGALGPICS VVI.ITGAGGM FGGVIiRTSGI GGALADSMAD 
LGIiPVIAGCF TVAAVLRVAQ GSATVALTTA AAJuMAPAVAA ADFNEFQLAA IVISTAAGSV lASHVNDSGF 
WLVGRLMNAD VPTTLKTWTV NQTCIAIVGF VMAYAMFGLA SLA 
>RXA02 67 6 -nucleotide sequence A: upstream 

AACCATTGGGTATTAAGAAATTTGTGGCTTAGATCTCAATTTCTGTATAGTTTGATCATACTAATTCATCCACTTC^^ 
AAATTTTCACGAAGGATCACCCC 

>RXA02 67 6 -nucleotide sequence B: coding region 

ATGGACACCTGGGAACAAACCCTTGGAACAGGGCCACTGCTAGGCATTGCAGCCGGCG 

TCTCGTCATCGTTTTTAAACTCCATGCTTTTCTCJ^CCCTAATACTGGTTTCAATTGTTACCGCACTT 

TTCCCGTCACCGCAGTAGTGGACACTCTCCTTGACGGTTTTGGTAAAACACTCGCCTCGGTCGCCCTATT^ 

CTGGGTGCCATGCTTGGTCGATTGGTTGAAACATCCGGTGGCGCAAAATCTCTAGCCGACACTATGGT^ 

CGGTGAAAAACGAGCAGCTTTCGCACTCGGTGTCGCATCGCTGATCATGGGATTCCCTATCTTCTTC^ 

TCGTGGTCATGCTCCCAGTGATCTTCGCAGTAGCTCGACGCCTCAACGGCTCCGTCCTTACTTTTGGTATCCCTGCA 

GCTGGCGCCTTCTCTGTCATGCACGTGTTCGTCCCACCTCACCCAGGCCCAATTGCAGCCTCTGAATTCTTC 

ACAAGTTGGATACGTACTAATCGCTGGCATCATCGTTGCACTACCCACCTGGTATTTAACCGGTTA 

AGTTCTTAGGCCGAAAGTTCCCCCTTCCCGTACCCGATCTACTCAGTGGT<5GAGCACAGGAAGATGATC^ 

AACCCAGCTAACGCAGTGTCGATCATTGTCATTTTGCTCATTCCTATGCTCCTTATTTTTGGCAAT^ 

AATGGCAGTTTCCGCCGGCCTCCTAGATGCAGAATCCACCATGGTGAAAATTCTAGGATTCCTCGGCGAAA 

TGGCACTGCTCATTACCTTGATCATTGCCCTGTTCTTCCTAGGCAACCGACGTGGCATTAATGGTTCTGCTCTA^ 

AAAACCATCGAAGGCGCAC TCGGCCCAATCTGTTCAGTCGTAT TAATCAC TGGCGC C GGT G^ 

GCTACGCACGTCTGGAATTGGAGGAGCGCTTGCAGACTCCATGGCAGATCTAGGACTTCCAGTTAT 

TCATCGTGGCAGCCGTCCTTCGTGTCGCGCAGGGTTCTGCCACCGTTGCGCTAACCACCGCCGCAGCACTCATC^^ 

CCTGCTGTTGCCGCTGCTGACTTTAACGAATTCCAGCTTGCTGCCATCGTTATTTCCACTGCCGCTGGTTCTGTTAT 

tgccagccacgtcaacgactccggattctggctcgttggtcgactcatgaacgccgacgtacccaccacgcta;^ 

CTTGGACCGTAAACCAAACCTGCATTGCGATTGTGGGATTTGTGATGGCCTATGCAATGTTCGGATTGC^^ 
GCA 

>RXA02 67 6 -nucleotide sequence C: dovnnstream 
TAGTCCGCTGACCCCATTGATTC 



BASF Aktiengesellschaft 990627 o.^. A050/,50,l,3il 

»RXA02659-amino acid sequence 
(1-312, translated) 104 residues 

FGNDPDLUylR . WWYAGDVWTD SRMHWKGSES YDQVQNl^LEE GIRATDKAEQ QDIWNRTFDV ISDNVPLYPL 
FHRKVPTAWN SNALVDFKPI SLTGLNFSGV ATTE 
>RXA02659-nucleotide sequence B: coding region 

TTCGGCAACGACCCAGACCTCCTCATGCGCTGGTGGTACGCCGGCGACGTCTGGACCGACTCCCGCATGCACTC^^ 

gggcagcgaatcctXcgaccaggtacaaaacctcctggaagaaggcatccgcgctaccgac^ 

acatctggaaccgcaccttcgatgtcatctccgacaatgttcccctctacccgctgttccaccgcaaggtccc7acc 

gcatggaactccaacgccctcgtcgacttcj^gccaatctcactcaccggcttgaacttctc^ 

TGAA • 

>RXA02659-nucleotide sequence G: downstream 
TAACAACCCCAGTGGCTTTCAAA 



BASF Aktiengesellschaft 990627 o.Z. P.050/,503i^3.4 

»RXA02233-ainino acid sequence 
(1-1212, translated) 404 residues 

VLVTSTWGWT VHGDGKKIEP GAWAPKERL SWGRTIGIGM QHVIAMFGAT LLVPTLTGFP VNTTU^FSGL 
GTILEXLITR NKLPSYLGSS FAFIAPLTAT QVHGIGVQIG GILVAGLVLV AIGEWKAAG KRVIDAVMPP 
AVTGAIVALI^ GLNIAPTAAG NFSSQPLVAT ATLFAILIAT VAGRGMIARL GILIGWIGW VFAAITGNLS 
EGAADTIREA AWFGLPQFHK PEFQLSAILV TLPVIIVLIA ENVGHVKAVS EMTGEDLDDL AGDALIADGF 
GTTLAGAFGG SGTTTYAENI GVMAATRVYS TAAYWVAACT AIALAFIPKF GALIFTIPAG VLGGACLVLY 
GLIGMLGIRI WQDNKVNFNN PVKLTMAAVA XiVAGIGNLTL TVFGVTLEGI AWAL 
>RXA02233-nucleotide sequence A: upstream 

ATCCCCACCCAATTGGCCCAAGAGCTGCAGAGTTACGTTGTAGAACCCJ^CCTCTGCCTAACTGTCGATTTCCC^ 
GCCCCCTTGGGAGTCGATAATTA 

>RXX022 3 3 -nucleotide sequence B: coding region 

GTGCTCGTGACTTCAACATGGGGATGGACCGTCCACGGAGACGGCAAAAAGATCGAACCC 

TAAAGAGCGCCTGAGCTGGGGGCGCACAATTGGAATCGGTATGCAGCACGTGATCGCCATGTTCGGC^ 

TGGTTCCCACACTCACCGGATTTCCGGTCAAGACCACACTTTTATTCTCTGGTCTGGC^^ 

ATCACCAGAAACCGACTACCCTCGTACCTGGGTAGTTCTTTTGCTTTCATTGCACCTTTAACCGCAACCCAAGTCCA 

TGGCATTGGCGTGCAGATCGGTGGCATTCTTGTCGCAGGTCTCGTGCTCGTCGCCATTG^ 

CGGGCAAACGCGTTATTGATGCTGTCATGCCACCCGCTGTCACCGGTGCGATCGTGGCACTCA^ 

GCACCAACCGCGGCAGGAAACTTCTCCAGCCAACCy^CTGGTTGCCACGGCGACCCTCTTTGCC^ 

CGTTGCAGGCCGCGGAATGATTGCTCGCCTGGGCATTTTGATCGGTGTGGTGATCGGCTGGGTTT 

ccggcaacctctcagaaggcgcagcagacaccatccgtgaagcagcatggxtcggactgccac^ 
gaattccagctctctgccattttggtgacactgccagtcatcatcgtc^tcatcgctgaa;^ 
agcagtctcagagatgacaggggaggacctcgacgacctcgccggcgacgcacttatcgcagacggatt^ 
ccctcgcaggtgccttcggtggatccggcaccaccacctacgcagaaaacatcc^ 

tattcca.ccgctgcgtactgggttgccgcgtgcactgccatcgcccttgccttcatccccaaattcggtgcactgat 
cttcaccatccccgccggcgtgctgggtggggcatgtttggttctttacggcgtaatcggtatgctcggcattcgta 
tctggcaagacaacaaggtcaacttcaacaatccagtgaatctgaccatggctgccgttgctttggttgc^ 
ggtaacctcaccctcaccgttttcggagtcactcttgaaggcatcgcatgggctctg 

>RXA022 3 3 -nucleotide sequence C: downstream 
TAGGCATCATTGTGCTGTACCCA 



BASF Aktiengesellscliaft 990627 0.55.. O.05O/5013.4 

* Appenciix-A %. 3 " 

»RXA02372-aiiiino acid sequence ' - . 

(1-555, translated) 185 residues 

DAVNKMDRTD FVETFAPLFN SKTWPLETAW ESQPFANVTE LREAIQVAVL TAPLSDREEL IHDYPDMAQXi 
ILATEEEAAT ISQDRGSIGL DDLDDVDQEK LITVTEQYRE RFNMPYVAYF DTMDSVDTW AAGLRRIi)NS 
DEQEHRQALS EIIEIANDRF DII*LADANPA RSAFDRKFTE TDFL.G 
>RXA02372 -nucleotide seG[uence B: coding region 

GATGCGGTCAACAAGATGGATCGCACCGACTTCGTAGAAACCTTCGCACCGCTGTTCAACAGC^ 
GGAAACCGCATGGGAATCCCAGCCATTCGCCAACGTCACGGAACTGCGCGAAGCC^ 

CACCGTTGTCCGACCGCGAAGAGCTCATCCy^CGACTACCCCGACATGGCACAGCTCATTTTGGCCACCG^ 

GCCGCCACCATCTCTCAAGACCGTGGTTCGATCGGTCTTGATGATCTCGATGACGTGGATCAAG^ 

CGTCACCGAGCAGTACCGCGAACGGTTCAACATGCCGTATGTTGCGTACTTCGACACCATGGATTCTGTG 

TCGTAGCCGCCGGCTTGCGCCGCCTCGACAACTCCGACGAGCAGGAGCACCGCCAAGCGCTATCC^^ 

ATTGCCAATGACCGCTTCGATATATTGCTTGCCGACGCTAACCCAGCCCGTTCAGCTTTCGATCGCAAGTTTACC 

GACTGACTTCCTCGGC 

>RXA02372 -nucleotide secfuence C: downstream 
TAAAACACCAAAAACAAATTAAG 



BASF A3ctiengesellschaft 990627 o.„S^. pp50/,50134 

^ Appendix: A ;& . "..i , . 

»RXA02377-amino acid sequence 
(1-1191, translated) 397 residues 

VPPAPKLAAIi GLQHVXiAFYA GAVIVPIJLIA QSI*NLDTATT IHLINADLLT CGIATLIQSV GIGRHIGVRL 
PIVQGVTTTA VAPIIAIGLG VTDGQGGVAS LPAIYGAVIV SGIFTFFAAP VFARFLKFFP PWTGTVLLV 
MGASLI.SVSA NDFVNYADGV PAARDIAYGF GTLAVIILAQ RFFRGFMGTL AVLIGLVGGT AVALILGDAN 
LDEVGNAEAF DITTPFYFGV PEFNAVAIFS MIIVMIITMV ETTGDVFATG EIVGKRTKRS DVTRALRADG 
LSXmGGVMN SFPYTCFAQN VGLVRITGVK SRWVAAAAAG FMIILGVLPK AGAIVASIPS PVLGGASLAL 
FANVAWGIQ TIAKSDLADS RNSVIVTSAL GLAMLVSFRP DVAQGVP 
>RXA023 7 7 -nucleotide sequence A: upstream 

GACAATACTGATGGATAAATTTCATATCGAGGACGAAGGGACAACCCCGAACGCCGTGAC^ 
GGGTGAAACATCCGGTAGACCAG 

>RXA023 77 -nucleotide sequence B: coding region 

GTGCCACCCGCACCCA?^CTTGCAGCCCTAGGGCTCCAACACGTTCTTGCTTTCTACGCAGGAGCCGT 

GCTGCTGATTGCACAGTCGCTGAACTTGGACACTGCGACCACCATTCACCTGATTAACGCTGACTTGTTGA^ 

GCATCGCCACGTTGATTCAGTCTGTGGGCATTGGTCGCCACATTGGTGTGCGCCTACCGATCGTTCAAGGT 

ACTACTGCTGTTGCTCCCATCATCGCCATTGGTTTGGGCGTTACTGATGGTCAAGGTGGCGTTGCGTCGCTGCCT 

CATTTACGGTGCAGTCATTGTCTCCGGCATTTTCACGTTCTTTGCAGCGCCGGTGTTTGCGCGTTTCCTC^ 

TCCCy^CCAGTTGTCACCGGTACTGTGCTGTTGGTTATGGGTGCTTCCCTGCTGTCGGTATCTGCAAATGAC 

AACTACQCCGATGGGGTGCCTGCTGCCCGCGATCTTGCTTACGGTTTTGGCACCTTGGCGGTGATCATTTTGG^ 

GCGCTTCTTCCGTGC3ATTCATGGGCACCTTGGCTGTGTTGATCGGCCTGGTTGGTGGCACCGCAGT 

TGGGCGATGCCyUVCTTGGATGAGGTGGGAAATGCTGAAGCGTTCGACATCy^CCACTCCG^ 

GAATTTAACGCTGTTGGCATTTTCTCCATGATTATCGTCATGATCATCACCATGGTGGAGACCACCC^ 

TGCAACGGGGGAAATCGTCGGCAAGCGAACTCGCCGCAGTGATGTCACCCGCGCACTGC^ 

CCCTGATGGGTGGCGTCATGAACTCCTTCCCGTACACGTGCTTCGCGCAAAACGTTGG^ 

GTGAAATCTCGCTGGGTTGCGGCAGCTGCTGCCGGCTTCATGATCATCCTCGGTGTGCTGCCCAA<^^ 

CGTCGCTTCCATCCCTTCCCCAGTCCTCGGTGGCGCATCCTTGGCACTGTTCGCCAACGTTGC^ 

AGACCATCGCCAAGTCTGACCTCGCTGATAGCCGCAACTCCGTCATCGTGiACCTCCGCACTTGGCCTAGCCATGCTG 

GTGTCCTTCCGCCCGGATGTTGCTCAAGGCGTTCCC 

>RXA023 7 7 -nucleotide sequence C: downstream 

TGAGTGGGCGCGTATCTTCGTCT 



BASF Aktiengesellschaft 990627 o.^. p.050/.§01.3.4 

»RXAO 1553— amino acid sequence 
(1-1320, translated) 440 residues 

MTVQEFDRAT KPTPKPPIVS WAFWDWGSAS FNAVTLVTFIF SVYLTDSVGA TLPEGSNATS LYSMAVAIAG 
VrVAWAPVM GRRSDIKGTR RRSLRMWTLV TVFI<MFCLFT VKNTDPTFFW FGVAIMAIAN ITFEFAEVQY 
YAQLSQISTR ENVGRVSGFG WSMGYFGGIV LLLVCYLGFV AGDGDTRGFL NLPIEDGMNI RLVAVLAAVW 
FLVSAIPAIiL RVPEIEAQVA AEDHPKGLIA AYPOJLFGQIA ELWKQDRNSV YFLIAATVFR DGIAGVFTFG 
AILAVSVYGL SAGDVLLFGV AANWSALGA LLGGFUDDRV GPKPIILISL AIMIADAAIL FFVEGPTNFW 
IFGLILCAFV GPAQSASRSY LTRLSPDGQE GQLFGLYATT GRAVSWMVPS LFGVFVGLTG DDRTGILAIA 
LILLFGIVI4L SMVKPPHKVK 

>RXA0155 3 -nucleotide sequence A: upstream ^ ' 

ATGATGATGTCCTCAGCAAGTCCAAGCGCCAAGCCATGCTGGAAACAATTCTCGAGCTGATACCAAGCC^ 
ATTTCTACCTTAAAGTCTTGAGC 

>RXA01553 -nucleotide sequence B: coding region 

ATGACTGTTCAGGAATTCGACCGCGCGACCAAACCCACACCAAAACCCCCAATTGTTTCTTGGGCG^ 
GGGTTCCGCCTCTTTCAACGCGGTCCTCGTGACCTTTATTTTCTCGGTCTATCTCACTGATTCAGTCGGCGCC^ 
TCCCCGAGGGTTCCAACGCCACATCACTGTATTCGATGGCGGTCGCCATCGCTGGCGTCATTCTTGCGGTTGTT6CC 
CCAGTCATGGGCAGGCGATCAGATATCAAGGGCACTCGCCGCAGGTCACTGCG^ 

CTTGATGTTTTGTCTCTTTACAGTAAAGAACACTGATCCCACATTTTTCTGGTTTGGTGTAGCCATCATGGCGATCG 

CCAACATCACCTTTGAGTTCGCTGAAGTTCAGTACTATGCGCAGCTCTCCCAAATCTCGACCCGCGA^^ 

CGAGTTTCTGGTTTCGGCTGGTCCATGGGTTACTTCGGTGGCATCGTTCTACTGCTTGTTTGTTACCTAGGTTTTGT 

TGCCGGTGATGGCGATACCCGCGGATTCCTAAACCTGCCCATCGAAGACGGCATGAATATCCGCCTCGTCGCAGT 

TTGCAGCCGTTTGGTTCTTGGTCTCTGCGATTCCGGCACTTCTTCGAGTCCCAGAAATTGAGGCACAGGTAGCTGCC 

GAAGACCACCCCAAAGGCCTCATAGCTGCCTACAAGGATCTCTTTGGGCAGATCGCTGAGCTGTGG^^^ 

CAACTCCGTGTATTTCCTCATCGCAGCAACTGTTTTCCGTGACGGACTGGCCGGAGTATTTACCTTCGGTGCCATCC 

TTGCGGTCTCTGTGTACGGACTATCTGCCGGTGATGTCCTCCTCTTCGGTGTCGCAGCCAACGTGGTCTCTGCGTTG 

GGAGCACTCCTCGGAGGATTCCTAGACGATCGCGTCGGGCCAAAACCCATCATCTTGATTTCTCTTGCCATCATC^ 

CGCCGATGCTGCAATTCTCTTCTTCGTTGAAGGCCCCACTAATTTCTGGATCTTCGGATTAATCCTCTGTGCGTTTG 

TGGGACCTGCACAGTCAGCGTCGAGAAGCTATTTAACACGTCTTTCCCCAGATGGCCAGGAAGGCCAGCTCTTCGG^ 

CTTTATGCCACTACCGGCCGTGCCGTGAGTTGGATGGTGCCGTCGCTGTTTGGTGTATTTGTGGGGCTCACCGGCGA 

TGACCGCACTGGTATTTTGGCCATCGCGCTGATTCTGCTATTCGGTAtTGTGCTGCTGAGCATGGTGA^ 

ACAAGGTGAAG ^ 

>RXA01553-nucleotide sequence C: dovmstream 
T AGACAAAGCGCCCACAAGGAT T 



BASF Aktiengesellschaft 990627 O.Z. p,050/.§013^ 

»RXAO 1382 -amino acid sequence 
(1-1062, translated) 354 residues 

STSTAAGTGT ANEEGTITAA ISYELGTNGY DPMTTTSALT VAANWHTI^G LTEIDPATGE VYAAIASALP 
SADATSLDIK LRDGATFHNG DAVTADDWF SFERVLDPAN NSLYASFIPF IKSVTKKDDT TVTIDUDYAT 
GIISERIAW KIVPKSWEA DASGFDANPI GSGPYKMTDN GASKWKFER NDDYNGPRPA RAAKMEWQII 
PDASTRTNSL QSGSTMAIDS VPYLSIPQLE ATSTVESVQG FGLLFAMFSC SEGNPFNDVR NRQAFLYALD 
MDKIVKTGMS DQATPATSFV QKEHPNYNQA STVYSLDADK AKALFAETGL TSLNLLCTDH DWVKNCTPLI 
QESL 

>RXA01382-nucleotide sequence B: coding region 

TCCACCTCCACCGCAGCTGGCACCGGAACTGCAAATGAAGAAGGCACCATCACCGCAGC^ 

AACCAACGGCTACGACCCAATGACCACCACCTCGGfCTCTCACTGTGGCAGCCAACTGGCA^ 

CCGAAATCGACCCAGCCACCGGCGAGGTCTACGCAGCACTCGCCAGCGCACTGCCTTCAGCCGATGC^ 

GACATCAAGCTTCGCGACGGCGCCACCTTCCACAACGGCGACGCAGTCACCGCAGACGACGTAGTCTT 

GCGAGTCCTCGATCCAGCCAACAACTCCCTTTACGCATCCTTCATCCCATTCATC;^ 

ACACCACCGTCACCATCGACCTCGACTACGCAACCGGCATCATCAGCGAACGCCTCGCAGT^ 

AAGTCCGTCGTGGAAGCAGACGCATCCGGATTCGACGCCAACCCAATCGGCTCCGGCCCATACAAGATGACCG^ 

CGGTGCy^TCCAAGGTGGTCAAGTTCGAGCGCAACGACGACTACAACGGCCCACGC 

AATGGCAGATCATCCCCGACGCCTCCACCCGCACCAACTCCCTTCAGTCCGGCAGCACCATGGCC^ 

CCATACCTGTCGATCCCACAGCTTGAAGCCACCAGCACCGTAGAATCCGTCCAAGGATTCGGCCTCCTG 

GTTCAGCTGCTCCGAAGGCAACCCCTTCAACGACGTCCGC7^CCGCCA.GGCATTCCTGTAC(^^ 

AGATCGTTAAGACCGGCATGTCCGACCAGGCAACCCCAGGCACCTCCTTCGTGCAGAAGGAACAC 

CAGGCATCCACGGTCTACTCCCTCGACGCCGACAAAGCCAAGGCGCTGTTCGCTGAAACCG^ 

CCTCCTGTGCACCGACCACGACTGGGTCAAGAACTGCACCCCACTGATCCAGGAATCCCTC 



BASF Aktiengesellscliaft 990627 O.Z. 0050/50134 

»RXA02128-am±no acid sequence 
(1-1695^ translated) 565 .residues 

MRGYQRSWLK GDVIAGITVA AYLVPQVMAY AVIAGLPAW GLWGVLAPMA LYFFLGTSRN LSVGPESTTA 
IMTAAGVGAL VGAAGGPERY AEVAALLAIA VGIVCAVGFI GRLGFLTRLL SRPVLVGYLI GIAVLMIVSQ . 
LSKVTQVNVE SGQTWQEIIS FIKVAGQAHI PTVILAVWL SLLYIANWLT PKFPSTLMVL LLSAAAVGFF 
HLDRFGLEVI GEVPRGLPQP SIPSIGDLEI WSLLPYAVGI AIVGFSDNVL TARAFASGKD EVIDSNQELL 
ALGTANIANG FFQGFPVSSS GSRTVLGDTA GARTQVHSLV WALVIMVUj FAGPVLESFP DAALGALVIY 
AATQLIDIAE IKRIARFRKS ELVITAATAA SWASGVIAG IGVAVTLSIL DLIRRITRPY ADVLGYTPGM 
AGMHSIiEDYP ESTAVEGLW FRYDSPLFFA NADDFSKRAI EAVDEATQPV HWFLLNAEAN TEVDLTAVDA 
MEALRKTI.EE RGIRFAMARV KQDLRRSLEP AGFIESVGEE YIFATLPTAV KGYSVEFRDR FGNYPEGVPK 
EILEL ^ 
>RXA02 12 8 -nucleotide sequence A: upstream 

TATTAGCAAAACTTCTTAAAGAGCCTTTTTGTGCCTTTATCCGAGTATCTTTAAAAGCATGAGTATTAAGTGGGCGC 
GCTTTGTACCGGGGATAACCGCG 

>RXA02 12 8 -nucleotide sequence B: coding region 

ATGCGGGGCTATCAACGATCCTGGTTGAAGGGTGATGTCATCGCGGGTATAACCGTGGCCGCGTACTTGGTTCCA^ 

AGTCATGGCTTATGCCGTCATTGCGGGGCTGCCAGCTGTCGTTGGTCTGTGGGGAGTTCTGGCTCCCATGG 

ACTTTTTCTTGGGCACGTCTCGAAATCTCTCGGTTGGTCCTGAATCAACCACCGCTCTGATGACGGCTGC^ 

GGAGCTTTAGTCGGGGCAGCTGGCGGGCCTGAACGATACGCAGAAGTAGCGGCACTATTGGCTATTGCAG 

TGTATGCGCTGTTGGTTTTATTGGCCGATTGGGATTTCTTACCAGGCTGTTGTCTCiGACCGGTGCTCGTTGGATATT 

TGATCGGTATTGCAGTCTTGATGATCGTCAGTCAGCTGTCCAAAGTCACCCAGGTGAATGTGGAGAGCC^ 

TGGCAGGAAATAATATCGTTTATCAAAGTAGCTGGCCAGGCACATATTCCTACAGTGATTTTGGC^ 

GAGCTTGCTGTATCTGGCAAATTGGTTGACGCCTAAATTTCCCAGCAGACTCATGGTTCTTGTGCTTTCGGeAGC^ 

CGGTGGGGTTTTTTCATCTGGATAGGTTTGGTCTTGAGGTCATTGGTGAGGTGCCCCGTGGCCTGCCTCAACCAAGT 

ATTCCCTCGATTGGCGATCTAGAGATCTGGTCGTTGTTGCCCTATGCCGTGGGTATTGCCATCGTTGGTTTTTCAGA 

CAATGTGTTGACTGCTCGTGCATTCGCGTCGGGAAAAGATGAGGTGATTGATTCCAACCA© 

GAACCGCAAACCTGGCGAATGGGTTCTTCCAGGGATTTCCTGTGTCATCGAGTGGCTCCCGAACTGTTCTTGGAGAC 
ACGGCAGGTGCTCGCACTCAGGTGCATTCACTTGTCGTGGTGGCGCTGGTGATCATGGTGCTGTTGTTTGCTGGTCC 
TGTGCTCGAGTCTTTCCCAGATGCGGCACTTGGCGCCTTAGTTATTTATGCAQZLAACGCAGTTGATTG^ 

agatcaaaaggatcgcacgtttccgcaagagcgagttggtcatcacagcggctactgctgcatccgttgtggcttct 

ggcgtgctcgcggggatcggcgttgcggttacgttgtccatcttggatctcatcagacgtattacccgaccttatgc 

cgatgtcctaggatatacgccgggcatggctggaatggacagcttggaggattatcctgagtcgacagca^ 

ggctcgtggtttttagatacgattccccactgtttttcgccaacgctgatgatttttccaaacgtgccatcgaagcc 

gttgatgaagcaactcaacccgtgcattggtttttactgaatgctgaagcgaatacggaagttgatctcacggccgt 

cgatgccatggaagcacttcgcaaaaccctggaggaacggggtatccgatttgcgatggcccgggtgaagc^ 

"tacgccgaagcctcgagcctgcaggtttcattgaatccgtgggggaggagtacattttcgccacactccc^ 

gtcaaggggtattccgtggagtttcgcgatcgttttggaaactatccagaaggcgttccgaaagaaattttggaa^ 

T 

>RXA02128-nucleotide sequence C: downstream 
TAAGCTGCCTGGTTGGCGGACTT 



BASF Aktiengesellschaft 990627 O.Z. 0050/50134 

»RXA00842-amino acid sequence 
(1-1200, translated) 400 residues 

MIIQILRVAF AFVGIIVGAG FASGQEVMQY FVAFGIDGIW GVIVSAVIMS VMALIILQLG SYFNAGEHGE 
VFRRVSHPVF SKILDIGVW TLFSTGFVMF AGAGSNIiNQQ WGLPLWIGSV IMVLLVLAAG MLDVDJCVTTV 
IGAITPFIII FITAASIYTL VGNFSSVEQL DSAALEVGTT LPHWAVAAVN YVGFNLMVAV SMAWIGGSM 
FNPRVAGRGG I*LGGLILGFL IIISALTIiFA TVEEVGQDDM PMLTIINNIiN PLAGQVMAW lYGMIFNTAL. 
GMFYALGRRIi TAKNPQRFRP VYWTVLIGF VXSFVGFKNL VGYVYPVX.GY IGLKLIAVMM VAWVRGRVRI 
YKESERRMRI ADLLQIGHDG ALSGAELAVL NQEIQDSbOaD EEQIKAAVRK 
>RXAOO 842 -nucleotide sequence A: upstream 

CCTTGTCGCGGAGGTAAGCGAGGGTATTTCTGGATGTGGAACAACGCGGATTATGGAAAATCGTGACTTTCATAAC 
TTGAGCCTACTAAGGTTTGTTCC 

>RXA00842 -nucleotide sequence B: coding region 

ATGATTATTCAAATCCTAAGAGTGGCATTTGCCTTCGTCGGCATCATTGTTGGCGCCGGTTTCGCATCAGG 
GGTCATGCAATATTTTGTGGCCTTCGGCATAGACGGAATTTGGGGAGTCATTGTTTCTGCAGTGAT 

tggcgttgatcattttgcagctcggaagctatttcaatgcaggtgaacacggtgaagtgttccgc 
cccgttttctccaaaattttggacatcggcgtt<;tggtgacgttgttctccaccggtttcgtcatgtttgcaggcgc 

GGGATCAAATCTGAATCAGCAGTGGGGGCTTCCGCTCTGGATCGGTTCTGTGATCATGGTTCTTCTGGTGC^ 

cgggcatgttggacgtggataaagtaaccacagtcattggtgcaattactccgttcatcatca 
gcctcgatctacacgctggtaggtaatttcagctcagtggaggagcttgattctgctgctttag^ 

GTTGCCTCACTGGGCTGTTGCAGCGGTGAACTATGTGGGATTCT^CCTGATGGTTGCGGTGTCCATGGC 
TTGGTGGATCAATGTTTAACCCGCGGGTCGCAQGTCGGGGCGGTTTGCTGGGCGGATTGATCCTGGG^ 

atcatcagtgcgctaacactgttcgccaccgtggaagaagttggccaagatgatatgcctatgctg^ 

CAAXTTGAACCCGCTGGCTGGCCAAGTAATGGCAGTGGTTATCTACGGAATGATCTTCAACACGGCA^ 

tctacgcattgggccgtcgtctcactgcgaaaaacccacagcgattccgtccggtttatgtg^ 

GGTTTTGTGTTGAGCTTTGTGGGATTCAAGAACTTGGTGGGCTATGTGTACCCAGTCTTGGGATACATTGGCCTGCT 
GCTGATTGCAGTGATGATGGTGGCGTGGGTGAGGGGACGCGTACGCATCTACAAGGAATCC^ 

tcgcagacttgttgcagatcggccatgacggagcgttgagtggagcagagctggcggtgctcaacc^ 
gattcaaacttggatgaggaacaaattaaagcaggggttaggaag 

>RXAO 0842 -nucleotide sequence C: downstream 
TAGTTACTCTGCAGGGACGAGCT 



BASF Aktiengesellscliaft: 990627 o.Z. 0050/50134 

- . : ■ - - * - - ^ 

»RXA01172-ajnino acid sequence v.^ 
(1-1455, translated) 485 residues 

VLASFRFAFS SPRRFRTEVL AGLWALALI PESIAFSVLA GVDPKMGLFA SCTMAMTIAL TGGRPAMISA 
ATGAVALVIA PWRDHGVEY FIATVIIAGI IQIALSLLGV AKLMRFIPRS VMLGFVNAIA CLVFFAQLPH 
LIDVPWMVTP LFALGIGIML FWPKLTSVIP APLIVIVALT AIVWVFGINI PNVSDQGELP SSLPEFLIPN 
VPLTLETLKI IGPYALGMSL VGLMESLLTA KLVDDITEVH SNKSREAAGQ GIANIITAFL G04GGCAMIG 
QTMINVKNSG ARTRLSTFIA GGFLLLLWL LGDWGKIPM AALVAVMIIV SIDTADWHSL NPRTLKEMPL 
SETIVMFITI lATLVTGNIA IGVILGVLTA MVMFARRVAH LVSVERTTDN NISTYTVKGQ LFWASSNDMV 
YSFDYSDEAE QIIIDLTAAE IWDASTVATL DSIIHKYAAR GKSVEIIGLD GPSRDRLERL SGKLG 
>RXA01 172 -nucleotide sequence A: upstream 

TAAATTTTTCTAGACTACCCAGATTAAGTGAGATTCTTTCGTGTCTXCGACAA.CTTCGACAACTTCGGCCACCCGAC 
AAGAGCCGTTGAGCCCGACGGGT 

>RXA011 72 -nucleotide sequence B: coding region 

GTGCTTGCCTCGTTTAGGTTCGCGTTTAGTAGCCCGCGGAGGTTTCGCACCGAGGTTTTAGCTGGCCTCGTGGTGGC 

GCTCGCGCTGATTCCGGAGTCGATTGCGTTTTCCGTATTAGCTGGCGTGGATCCTAAGATGGGTCTTTTTGCGTCGT 

GCACCATGGCAATGACCATTGCGCTTACAGGTGGACGCCCTGCGATGATTTCCGCGGCGACAGGCGCT 

GTGATTGCACCGGTGGTTCGGGATCATGGCGTGGAATATTTCCTGGCCACGGTAATTTTGGCGGGCATTATTCAG^ 

TGCGTTGTCGTTGCTGGGTGTAGCCAAGCTGATGCGGTTCATTCCGCGTTCCGTTATGCTCGGATTTGTTAATGCGC 

TGGCGTGCTTGGTGTTTTTTGCGCAGCTGCCGCACCTGATCGATGTTCCGTGGATGGTGTATCCGCTGTTCGCGCTG 

GGTATTGGCATCATGCTGTTTTGGCCGAAGCTGACCTCGGTGATTCCGGCTCCGCTGATTGTTATCGTGGCCTT^ 

TGCGATCGTGTGGGTTTTCGGAATCAACATTCCAAACGTCTCTGACCAGGGCGAACTCCCCTCTTCCCTACCAGAAT 

TCCTCATTCCCAACGTTCCGCTTACTCTTGAGACTCTAAAAATTATTGGGCCGTATGCGCTTGGAATGTCGCTTGTT 

GGGTTGATGGAATCGCTGCTGACCGCCAAGCTGGTCGATGATATTACGGAGGTTCACTCCAATAAATC 

TGCAGGTCAGGGCATCGCAAACATTATCACCGCGTTTTTGGGCGGCATGGGTGGCTGCGCGATGATCGC^ 

TGATCAACGTGAAAAACTCAGGAGCCCGCAGTCGCCTATCCACCTTCTTGGCCGGCGGCTTCCTGCTG^ 

GTTTTGCTGGGCGATGTCGTGGGCAAAATCCCCATGGCGGCGCTCGTGGCAGTCATGATTATCGTCTCCATCGAC^ 

CGCCGACTGGCATTCGCTGAACCCGCGCACCCTCAAATTCATGCCGCTGAGTGAAACGATCGTCATGTTTATAACGA 

TCATCGCGACCCTCGTCACCGGAAACCTGGCGATCGGCGTCATCCTCGGAGTGCTCACCGCCATGGTCATGTTTGCT 

CGCCGCGTGGCCCACCTCGTGTCTGTGGAGCGGACCACCGACAACAACATCAGCACCTATACCGTCAAGGGCCAGCT 

ATTTTGGGCGTCCTCGAACGATATGGTGTACTCCTTCGACTACTCCGACGAGGCCGAGCAGATCATCATCGATCTCA 

CCGCCGCAGAAATCTGGGACGCCTCCACGGTAGCCACGCTGGACAGCATCATCCACAAATACGCCGCGCGCGGCAA 

AGCGTGGAGATCATCGGGCTCGACGGCCCCAGCCGCGATAGGCTTGAGCGCCTATCAGGCAAGCTGGGC 

>RXAO 11 72 -nucleotide sequence C: downstream 

TAAA?ATTTGCTTATCGACGCGC 



BASF Alctiengesellscliaft 990627 O^Z. ^0050^50134 

»RXA00847-aiiiino acid sequence 
(1-1449, translated) 483 residues 

VACQANPGPA PVEEPTTATA TTTATETTTV ETEAPKQDRE TISIGIDPIR NGFNPHLIiSD DSPLVRDTAS 
LVLPSAFEGN QLNTDLLDNV EQVDETTVRY TIAQEAQWSD GTPITGSDFE YLRRSIVAGT GTLNDSAYSA 
ISEIRTSGGG KTVDVIFEHP VADWHLLFNN liLPSHLITGN STFQTAFYDS IPASAGRYMV RSIDRQRGVI 
TLSRNDRFWG ANPAHVEVLQ FNTVASASRA GEYUITGQSS FMNLSPQETL VDTIiRLVPDT EVRVSDTTRT 
LELVFNAEAI. APAQRAYLTS LIDVPLTAKL AGGRSANLGV PQTVEASVDK QEIPALRLAA DPADDAGLAA 
ARGIVDMLAA DGIKAQWTT DLNSAIAGNF DAIVAWTRTA TDSIALADRV GCGVNIiAKWC AEGTTEYING 
VLlAGEIDFDP AWEQQFNTEN HjLRVPILRET RVEAKNNGIL GAADGWPGGI SSAASWRKND VEE 
>RXAO 08 4 7 -nucleotide sequence A: upstream 

TCTGGCCCGCTGTGTCCTCTGGACGCAGCGGGCCAGTAGTATTTTGGGGGTGAGAATAAGGTTTGGAATTCTAAGTG 
TTGTCGCCTGCACGGTTTCGTTG 

>RXAO 084 7 -nucleotide sequence B: coding ' region 

GTGGCATGTCAGGCTAATCCGGGTCCTGCGCCCGTTGAGGAGCCAACTACAGCCACTGCGACGACC^ 

GACGACCACCGTAGAGACTGAAGCCCCCAAACAAGATCGGGAAACCATCAGTATTGGTATCGATCC^ 

GTTTCAATCCACATTTGTTGTCTGATGATTCTCCACTGGTGCGCGATACTGGATCGTTGGTGTTGCCGAGTG 

GAGGGCAATCAGCTGAACACTGACTTGTTGGACAATGTTGAGCAGGTGGATGAAACCACGGT 

TCAGGAAGCGCAGTGGAGTGATGGCT^CTCCGATTACTGGGTCTGATTTTGAGTACTTGCGCAGGTCCA 

GGACAGGAACGCTGAACGATTCTGCATATTCGGCGATTTCAGAGATTAGGACCTCAGGCGGTG^^ 

gttatttttgaacatcctgtcgctgattggcatttgctgtttaacaatttgttgccgagtcatttgatcactggc;^ 

ttccacattccagacagcgttttatgattccatcccggcctctgcggggcgctacat 

agcgcggcgtgattacgttgtcgcgcaatgatcgtttctggggtgcaaatccggcacacgtggaagtactcc^^ 

aacaccgttgcctctgcatcccgggcgggggagtacctgcgcaccgggcagagttcgtttatgaatctgtcaccg^ 

ggaaaccctggtggacacgttgaatttggtgccggacacggaagtgcgggtgtctgacacgacgcgc^ 

tggtattcaacgccgaagcgctggcaccggcgcagcgcgcctacctgacatcgcttatcgacgtccc 

aagttagctggcggtcgcagtggaaacctgggtgtgccccaaacggtggaggcgagcgtcgataagc^ 

tgcgttgcgcctggcggcggaccccgccgacgatgctggtttggcagctgcgcggggcatcgtcgatatgctggctg 

cggatggaatcaaggctcaggtcgtgacaaccgatttgaattcggcgattgcgggtaattttgat 

tggaccagaactgccacggattcgattgcgttggcggaccgagtgggttgtggcgtgaacttggcj^^ 

tgagggaaccacggaatatatcaacggtgttttggcgggtgagattgatttcgatcctgcgtgggagcagc^ 

acaccgagaatcacttgcgggttccgatcctgcgggagactcgggtagaagcgaaaaataacggtatcct 

gcggatggctggcctgggggaatttcaagtggtgcaagttggaggaaaaacgatgttgaagaa 

>RXAO 08 47 -nucleotide sequence C: dovmstream 

tgatctgtctggtgctcgagttg 



BASF Aktiengesellschaft 990627 a.Zo, 005fli/50i34 

J ; Appandlx ;!A B' 

»RXA00436 ■ amino acid sequence 
(1-525, translated) 175 residues 

MELLE TFITDVINDN IiWMILPFLLV AAGLYFGGRT LLVQIRMIPE MFKAWEKPA KDGEFADKQD 
ISAFKAFTIS AASRVGTANV AGVALAITLG GPGAVFWMWI lALVGGATSF lESTLGQLWK VKDGDSYRGG 
PAYYMTLGLN ARWLAWFGV AITLTFGFVY NALQSNAWE 
>RXA0 043 6 -nucleotide sequence A: upstream 
GGGATTTACTAAAAATCGGGTAACACGCGCGTAGTATTTTTCGC 
>RXAO 043 6 -nucleotide sequence B: coding region 

ATGGAATTATTGGAGACCTTCATCACTGATGTCATTAATGACAATTTGTGGATGATCTTGCCCTTCTTGCTCGTTGC 

TGCTGGCCTCTATTTCGGTGGGCGTACGTTGCTGGTTCAGATTCGGATGATTCCGGAGATGTTCAAAGGGGTCGTCa 

AGAAGCCTGCGAAGGATGGGGAGTTCGCGGACAAGCAGGACATTTCG6CTTTTAAGGCGTTCACGATTTCTGCGGCG 

TCGCGAGTTGGTACGGCGAATGTTGCGGGTGTTGCGCTGGCGATCACTCTGGGTGGACCGGGTGCAGTGTTCTGGAT 

GTGGATCATTGCGCTGGTTGGCGGTGCGACATCGTTCATTGAGTCGACTCTTGGACAGTTGTGGAAGGTGAAGGACG 

GCGACAGCTATCGCGGTGGCCCTGCGTACTACATGACGCTTGGTTTGAATGCTCGGTGGCTTGCGGTTGTTTTCGGT - 

GTCGCCATCACGTTGACCTTTGGTTTTGTGTACAACGCTTTGCAGTCCAACGCGGTTGTTGAG 



BASF Aktiengesellschaft 990627 .O.Z, OO^j) 7,50134.. 

»RXA00432-sLmino acid sequence 
(1-891, translated) 297 residues 

LSALVIFGGV QRIANVTQWM VPFMAGAYII VGVWIVINI QQVPTMINDI lAGAFGFRPV ATASVWGAFW 
LAFMNO^RRG LFSNEAGEGS VPNAAATATV SHPVKQGLVQ TLGVYFDTLL VCSITAFVIL LSGVEYATGD 
IQSSSLTQSA lASWGGWGT HFITWMFFL AFSSVLGNYY LAQANIQYFT DSKTVMTVFR LLVLLSVFSG 
AVASVPLIWA LGDTFAGIMV LINIAAIIPL GGVAVKLLKN YTIQKKAGLD PVFHRDMMPE VRNIACWNGK 
DAATSNYHEA MEVIKKS 

>RXA00432-nucleotide^ sequence B: coding region 

TTGTCTGCGCTGGTTATTTTTGGCGGCGTGCAGCGTATCGCAAACGTGACGCAGTGGATGGTTCCGTTCATGGCGGG 

TGCGTACATCATTGTGGGTGTGGTGGTGATTGTGATTAACATTCAGCAGGTTCCGACCATGATCAACGACAT 

CTGGTGCTTTTGGTTTCCGTCCGGTTGCTACTGCGTCGGTGTGGGGCGCGTTCTGGTTGGCGTTTATGAACGGTATG 

CGCCGTGGACTGTTCTCCAATGAGGCTGGTGAGGGTTCTGTCCCGAACGCTGCTGCTACCGCGACTGTGTCTCACCC 

TGTGAAGCAGGGTTTGGTTCAGACTCTGG<k;GtATATTTCGACACCCTGCTCGTTTGTAGCATTACC 

TCCTGCTGTCTGGAGTGGAGTACGCGACCGGCGATATTCAGTCTTCTTCTTTGACTCAGTCCGCGCTGGCTAGCGTT 

GTTGGTGGTTGGGGAACCCACTTCATTACCGTAG.TGATGTTCTTCCTGGCGTTXTCTTCCGTGCTGGGTAACTACTA 

CTTGGCACAGGCGAATATTCAGTACTTCACCGATTCGAAGACTGTCATGACTGTTTTCCGACTCTTGGTGCTGC 

GCGTGTTCTCTGGCGCGGTTGCTTCGGTGCCGTTGATCTGGGCTTTGGGTGATACTTTCGCTGGCATCATGGT^ 

ATTAACCTGGCGGCGATCATTCCGCTGGGTGGCGTTGCAGTGAAGTTGCTTAAGAATTACACCATTCAG^ 

TGGTCTGGATCCTGTGTTCCACCGCGACATGATGCCAGAGGTTCGTAATATTGCGTGCTGGAACGGCAAAG^ 

CTACATCCAACTATCACGAAGCGATGGAAGTGATCAAGAAGAGC 

>RXAO 0432 -nucleotide sequence C: downstream 

TAGTCATCGAAGGAACAGTGGTA 



BASF Aktiengesellschaft 990627 Q„Z..,005Q/5,Qi34 

« ^AFFOndxx A 5c B . V * 

»RXA00034-aiiiino acid sequence 
(1-510, translated) 170 residues 

AFVILFIRVG EKAMQKVGAR AVIITAGILV ATATALmiT AVSESTYIVI SLAGFSLYGL GLGLFATPVT 
DTAIiGTLPKD RTGAGAGVFK MSSSLGAALG lAISTSVFLA LRDGTSINSD VAIAGTVSLG INWFAATAT 
ITAAVLIPKA AGKVSQTSIT LPEPAIAVKI 

>RXA00034 -nucleotide sequence B: coding region 

GCCTTTGTCATCCTTTTCATTCGAGTTGGAGAAAAGGCCATGCAGAAAGTTGGCGCCCGAGCAGTGATCATCACCGC 

TGGCATCTTGGTAGCGACCGCGACCGCCCTCCTAATGATCACCGCGGTCAGCGAGTCAACGTACATCGTCATCTCCC 

TCGCCGGCTTCTCCCTTTATGGCCTTGGCCTCGGACTCTTCGCCACCCCAGTCACCGATACTGCGCTTGGAACACTT 

CCCAAAGACCGTACCGGCGCTGGTGCAGGTGTATTCAAGATGTCCTCTTCCCTCGGCGCAGCACTCGGCATCGC^ 

CTCCACTTCAGTGTTCCTCGCACTTCGCGACGGCACCTCCATCAACTCCGACGTCGCACTCGCCGGAA^^ 

TTGGCATCAACGTTGTATTCGCAGCAACAGCCACCATCACCGCAGCAGTCCTTATTCCAAA^ 

TCACAAACCAGCATCACCCTTCCTGAGCCAGCTATCGCTGTAAAAATC 

>RXA00034-nucleotide sequence C: downstream 

TAAAACTTCACCAGGACAGATAA ' 



BASF Aktiengesellscliaft 990627 q,Z..,005Q/5p,134 

»RXAOO 051 -amino acid sequence 
(1-1404, translated) 468 residues 

MNASPAPTRS FKGIiRARHIH FIALGSAIGT GLFYGSAGAI QAAGPSVLLV YLLGGAWYF MLRALGEMAV 
HHPVRGSFAV YTRAHLGGWA GYITGWMFAF EMLIVCLADL TAIGIYMNFW FPGTPQWTWV VATULIVGGA 
NLASVRWFGE LEFIFTIIKV TAWAMIVGG AAILAFGLGA NAEVAGVSNL WEHGGFFPNG VECMIAAFIL 
VLFAFGGTEI IGVAGSEAED PEKSIPKAVN TVPVRILLFY VGAILVIIAL NPWPSITGEE SPFVQIFDTL 
GVNWAAGLIiN AWITAALSA INADLFGAGR VLTGLAKENL APKAMGKIAK NGVPVMTTTI MIIVXilVGVI 
UStAVLPERVF EIVASLATFA TVYVWLMILL AQVGSRRNMP ADEVKSLKFP VPFYPFGQYF AILFIAFTFG 
IMVWYDNYHL PLAVGVGFLV LMTILYYATG RPKAIAPIDY EEUDPRRD 
>RXA00051-nucleotide sequence A: upstream 

CAGTAAAAGTGCACCGACACTAAGAATCCTTATCCTTCAGAGTAAGGTGATCTGCGTGAAAAAATGTCCGCTATT 
CCCGAAACGAGGTCAGCATCTCG 

>RXAO 0051 -nucleotide sequence B: coding region 

ATGAATGCCTCCCCTGCCCCAACCCGATCTTTTAAAGGATTGCGGGCTCGACACATTCACTTCATCGCGCTGGGTTC 

cgcgatcggcaccggcttgtt.ctacggttccgctggcg<:aatccaagcagctggtcc^ 

ttctcggtggcgccgtcgtgtacttca.tgctgcgcgcactcggcgagatggctgtgcatcacccagtccgt^ 

ttcgcggtctac^cccgcgcacaccttggcggatgggcaggctacatcaccggctggatgttcgcgtttga 

catcgtctgcctggctgacctcacagccatcggcatctatatgaacttctggttccccggcaccccacaatggactt 

gggtggtagccacccttcttattgtcggtggcgcaaacctcgcatcagtgcgttggttcggtgagctcgagttcatc 

TTCACCATCATTAAGGTCACCGCAGTTGTCGCCATGATCGTCGGCGGCGCAGCCATCCTCGCATTCGGTCT 

CAACGCTGAAGTTGCCGGCGTATCCu?^CCTCTGGGAGCACGGCGGATTCTTCCCCAACGGrGTTGAAGGCA 

CAGCCTTCATCCTTGTTCTCTTCGCATTCGGTGGCACCGAAATCATCGGTGTTGCAGGCTCTGAAGCTG^ 

GAGAAGTCCATCCCCAAGGCTGTTAATACTGTCCCAGTACGCATCCTCCTCTTCTATGTGGGTGCCATCCTGGTGAT 

CCTTGCCCTTAATCCTTGGCCTTCCATCACCGGCGAAGAATCCCCATTCGTCCAGATCTTCGACACCCTCGGCGT<^ 

ACTGGGCTGCTGGTCTCCTCAACGCCGTGGTCATCACCGCTGCACTGTCTGCCATCAACGCTGACCTCTTCGGCGCT 

GGCCGCGTTCTCACTGGTCTTGCGAAGGAAAACCTCGCACCAAAGGCCATGGGCAAGATCGCCAAG 

AGTCATGACCACCACCATCATGATCATCGTCTTGATCGTGGGAGTAATCCTCAACGCAGTGCTTCCCGA(^ 

TCGAGATCGTCGCTTCCCTAGCAACCTTCGCCACAGTTTACGTCTGGCTGATGATCCTGCTCGCACAGGTGGG^ 

CGCCGAAACATGCCTGCCGACGAGGTCAAGTCCCTGAAGTTCCCTGTCCCCTTCTACCCGTTCGGACAATACTTCGC 

GATCCTATTTATCGCCTTCACCTTCGGCATCATGGTCTGGTACGACAACTACCACCTGCCACTCGCCGTCGGCGTTG 

GATTCCTTGTCCTGATGACAATCCTTTACTACGCCACAGGCCGACCAAAGGCGATCGCTCCGATCGATTATGAAGAG 
CTAGATCCGCGACGCGAT 

>RXAO 0051 -nucleotide sequence C: downstream 
TAATCTAGACTCGCACGAAAAAG 



C 



BASF Aktiengesellschaft 990627 q.Z . .005p,/501?4 

' Tft.iE)s>.end.x^x A. ft B „ " . • 

»RXA00081 -amino acid sequence 
(1-1353, translated) 451 residues 

MDILSLIiMEG FAGALTPMNL LWVIVGCULG TAVGVMPGLG SSMAVALLLP MTFALDPTAA FIMFSGVYFG 
GLFGDSTMAI UxINTPGQASA lASTFEGHRM ALNGRAPQAL ATAAIGAFIG GIVSSFIWF LAPTLAELST 
AFGPAEYFAL AX.FAFVATSS WSDSVFKGL ASLIFGLGIA TIGIDSVTGI ERFTLGAPQL FDGISLVTVT 
VAILALGEVF YIAARARRDK ANLETRSAGR PWLTGTEFKE AAPAWARGTI IGLPFGVIFV GGSEVPTFIiA 
YSTERALDKR RKDPQFGDKG AIRGIAAPEA AGNATTGMAM GALLALGLPV SATAAIMLAA FRQYGIQPGP 
LLFDRNPELV WALLASFFHR DDRPAVHQPA VRTAVGKAPA HSKPLPLLRH RIVLWPGHLR HLRRSVRPAH 
AARHRCRGFD HASLRLPAGT ADDRYGSWTF G 
>RXA00081-nucleotide sequence A: upstream 

ATGTTCTTGTTTCCCTCATGATGAGCTCCGTGGTCTACCTCGCATTCGATGTGGGCTTGGGACTTAATCTTCCTTCC 
GGACTTTTGGGTGGTGGCTTTTA 

>RXA00081-nucleotide sequence B: coding region 

ATGGATATTTTGTCCCTCTTGATGGAAGGTTTCGCCGGCGCGCTAACGCCGATGAACCTCCTCTGGGTGATTGTCGG 

CTGTTTGCTCGGGACCGCGGTTGGCGTCATGCCTGGTCTTGGATCCTCCATGGCTGTGGCGCTGCTGCTGCCAATG^ 

CCTTCGCGCTTGATCCAACTGCCGCGTTCATTATGTTCTCTGGCGXATATTTCGGTGGTCTCTTCGGTGACTCCACG 

ATGGCAATTTTGATGAACACCCCAGGTCAGGCATCGGCAATCGCCTCAACATTCGAGGGCCACC^^ 

CGGCCGTGCGCCACAGGCTCTGGCTACCGCAGCGATCGGTGCCTTCATCGGCGGTATCGTCTCCTCCTTCATCGTGG 

TCTTCCTCGCACCAACCCTGGCGGAACTGTCCACCGCATTCGGCCCCGCCGAGTACTTCGCACTGGCACTC 

TTCGTCGCCACCTCCTCCGTGGTGTCCGACTCCGTGTTTAAGGGACTTGCGTCCCTCATTTTCGGCCTCGGCATTGC 

GACCATCGGCATCGATTCGGTCACCGGCATCGAGCGCTTCACGCTCGGGGCACCGCAGCTTTTCGACGGAATTT 

TCGTTACTGTTACCGTCGCGATTTTGGCACTGGGAGAAGTGTTTTACATTGCAGCCCGCGCACGCCGTGAC^^ 

AATCTGGAGACGCGCTCTGCAGGCCGTCCGTGGCTTAGCGGAACGGAATTCAAAGAAGCCGCTCCAGCCTGGGC^ 

CGGAACCATCATTGGTCTGCCTTTCGGTGTGATCCCTGTTGGTGGATCTGAAGTTCCAACCTTCTTGGCTTACTCCA 

CCGAGCGCGCATTGGATAAACGACGCAAAGATCCGCAGTTCGGCGATAAAGGTGCAATCCGAGGACTCGCTGCTCCT 

GAAGCTGCAGGTAACGCCACCACAGGCATGGCGATGGGCGCTCTTCTTGCCCTGGGTCTCCC^ 

GGCCATCATGTTGGCAGCGTTCCGCCAGTACGGAATCCy^GCCCGGACCACTACTeTTCGATCGCAACC 

TCTGGGCACTTCTTGCCAGCTTCTTTCATCGCGATGATCGTCCTGCTGTTCATCAACCTGCCGTTCGCACAGCTGTG 

GGCAAAGCTCCTGCTCATTCCAAACCACTACCTCTACTCCGGCATCGCATTGTTCTGTGGCCTGGGCATTT^^ 

CCTCCGGCGCAGTGTTCGACCTGCTCATGCTGCTCGGCATCGGTGTCGTGGCTTTGATCATGCGTCGCTACGGTTAC 

CCGCTGGCACCGCTGATGATCGGTATGGTTCTTGGACCTTTGGC 

>RXA00081-nucleotide sequence C: downstream 

TGAAACCTCCCTCCGCGACGCAC 



BASF Aktiengesellscliaft 990627 0,Z. 0050/50134 

C Appendi;x K & B . 

»RXA00190-amino acid sequence 
(1-2151, translated) 717 residues 

MDEQWAEGS GGVSSPVNKS QVKSSKVRIT WPFYVLFAFV AGLVGVIIAW GFLSESLAAL GIPDPGPMTT 
AGLPFLRAVG WIVAALSAGS FMATTFFISP REIKRSAEDG PQKASYLNRS YLSVDGSIAA RTGSFAAICF 
GLVAIVMIPM VMSDLSGQPF TEALKLQNWA lAFEQVALAK AWAWVAGFAF ITGIAGLFCR TWIAQPLLFA 
GSIIMTVPLG I£GHSAAGGD HDYGTNSLLW HLVIMLLWVG GIiMALIAHAR RIGPNMDMAV KRYSIIATYA 
VIGMAISGW NALLRMDFSD LFTTNYGLLV FAKAVGWW GMFGIAHRTF TIPECLEKDPK^ NSALFTRIAI 
VE\rLAM?^VT GVAISMGRTP PPAPEIQDLS VMALEMGYSL EKEPTLLNVF TMWRFDLMLG TIGIMLLAFY ^ 
MYGLVALRRQ AKKWNHMRTF WWVLGCITLV VTVSSGIGMN MPATFSMHMV AHMLLSMWP VFLVI-GAPLS 
LIMEAVAPGE PGRPGLHEWA AVMTDNPKLK FIMHPAVNTI QFIIIFYALY LTPLYDIMVTS EHAGHLIMNF 
VFVISGYVYY WEMIGPDPKP EERTHVSRIA WLTFSMPFHL FFGVYLMQLQ VILAEDFYTK LNLPWEVDIA 
YDQLVGGGIA WASGSFPLIV VFGYLFRGWF REERIVEKNY QARAEATGYA DAEEYNRMLA RMNEGHDMHG 
DYYQETFEPK DKDKDKE 

>RXA00190-nucleotide sequence A; upstream 

ATTATTGCGTGCGCTTGGAACTTTACCGTACACCCGTGTTCGGCTATCACATGGATCACTCAACTATGGTTCTGGGT 
GTTGGGGAGGTTAGATTAGGGGC 

>RXA00190-nucleotide sequence B: coding region 

ATGGATGAGCAGGTCGTTGCCGAGGGTTCTGGTGGAGTTTCTTCTCCAGTGAATAAATCGCAGGTAAAGAGCAGC^ 

ggtgagaatcacctggcctttctacgttttgtttgcgtttgtggctggtttggtgggtgtcattttggcgtggggtt 

tcctgtcggaatctcttgctgcattgggcatccctgatccgggccctatgactactgctggtttgccgtttttgcgt 

gcggtgggctggattgttgctgcgttgtcagcgggtagtttcatggcgacgaccttctttattagtccgcgagaaat 

taagcgcagcgcggaagatgggcctcagaaggctagttatctgaatcgttcgtatttgtcggtggatggttccatc 

cggcgcgtacgggttcgtttgcggctatttgttttggccttgtggcgattgtgatgatcccgatggtgatgtc^ 

ttgtcggggcaaccgtttactgaggcgctgaagttgcagaactgggggatcgcattcgagcaggttgcgttggct;^ 

GGCGTGGGCGTGGGTTGCTGGTTTTGCCTTCATCACCGGTATCGCTGGTCTGTTTTGTCGTACATGGTTGGCACAGC 

cgttgctgtttgcgggttccatcatcatgactgttccacttggtttggaaggtcactcagctgccggtggcgaccac 
gattacggcacgaactccctgttgtggcacttggttttgatgctgctgtgggtgggtggcctgatggcgttgattgc 

GCACGCTCGCCGCATTGGTCCCAACATGGATATGGCAGTGAAGCGTTATTCCATCATCGCAACCTACGCAGT^ 

GTATGGCGATTTCTGGCGTCGTGAATGCGTTGCTGCGCATGGACTTCTCAGATCTGTTCACCACTAATTATGGTTTG 

CTGGTCTTTGCTAAGGCTGTTGGTGTTGTCGTGGTGGGCATGTTCGGTTTGGCCCACCGCACTTTCACCATCCCGAA 

gctagagaaggatccaaagaactcagcgctgtttactcgcatcgcgatcgtggaagttcttgccatggctgcggtca 
ccggcgttgctatttccatgggacgcaccccgccacctgcaccagagattcaagacctttcagtgatggctttggaa 

ATGGGCTACTCCCTGGAGAAGGAACCAACTCTTCTCAACGTGTTCACCATGTGGCGTTTTGATTTGATGCTGGGCAC 

catcggcatcatgttattggccttctatatgtatggccttgtggctttgcgtcgacaagcaaaaaagtggaaccaca 

TGCGCACCTTCTGGTGGGTGCTGGGCTGTATCACCCTGGTGGTCACCGTTTCTTCCGGCATCGGCATGAATATGCCG 

gcgacgttctccatgcacatggtcgcgcacatgctgttgtccatggtcgtgccggtgttcctggtgctgggcgcgcc 

GTTGTCGCTGATCATGGAGGCCGTTGCGCGTGGAGAGCCGGGCCGACCTGGGCTGCACGAATGGGCTGCGGTGATGA 

ctgataatccgctgctgaaattcatcatgcacccagcggtgaacacgattcagttcatcatcattttctacgcgctc 

TACCTGACGCCGCTGTATGACATCATGGTGTCCGAGCACGCCGGACACCTGATCATGAACTTCGTGTTCGTGATTTC 

cggttacgtctattactgggaaatgatcggtcctgaccccaagccggaggaacgcacgcatgtgtcgcgtctggcgt 

GGCTGACTTTCTCGATGCCATTCCACCTCTTCTTCGGCGTGTACCTCATGCAGCTCCAGGTCATTTTGGCGGAGGAT 

ttctacaccaaactcaacctgccatgggaggtcgatctggcctacgaccagctcgttggcggcggcatcgcctgggc 

GTCGGGTTCCTTCCCGCTGATTGTCGTGTTCGGTTACCTCTTCCGTGGTTGGTTCCGTGAGGAAAGAATCGTGGAGA 

aaaactaccaggcccgcgccgaagccactggttacgctgacgccgaggaatacaacaggatgctcgcacgcatgaac 

GAGGGCCACGACATGCA.CGGCGACTACTACCAGGAAACCTTCGAGCCC^AAGACAAAGACAAAGACAAAGAA 

>RXA00190-nucleotide sequence C: downstream 

TAAGCTTTTCGACGTCTCCCCGC 
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Claims 



^ ■ MC^rt^ri '"^^ "^t'^^l ^^^^ Coryn^baaeriun, gluiamicun: encodinfi an 
^ MCT protem, or a ponion thereof. 

2. TTie isolated mjcleic acid K wherein said nucleic acid molecule 

encodes an MCT protein involved in the production of a fine chemical. 

10 group consisnng of those sequences set forth in Appendix A, or a portion thereof. 

4. An isolated nucleic acid molectile which encodes a polypeptide sequence seleaed 
from the groiip consisting of those sequences set forth in Appendix B. 

of 4 polypeptide selected from the group of amino acid sequences coi^isiing ofSe 
sequences set forth m Appendix B. ^ 

20 ^' ^/hi^''1 T^''"^ ' comprising a nucleotide sequence which is at least 

rw" ^,!^°^°eous to a nucleotide sequence selected from the group consisting of 
those sequences set forth m Appendix A, or a ponion thereof: 

ot a nucleic acid comprismg a nucleotide sequence selected from the group 
^> consisting ofthose sequences set forth in Appendix A. " 

8. An isolated nucleic acid molecule which hybridiaes to the nucleic acid molecule of 
any one of claims I -7 under stringent conditions. "luiecuie oi 

pol)!^"^d; ' ^"'^^ ^ ^ ""^"^^'^^'^^ ^""l"^" -^-^-^ - het'ologous 

^ 1 0. A veaor comprising the nucleic acid molecule of any one of claims 1 -9. 

1 1 . The vector of claim 1 0, which is an expression vector. 

12. A host cell transfecied with the expression vector of claim 11. 
) 13. The host cell of claim 12. wherein said cell is a microorganism. 

olt^vX/irl'^''^ '"^^ "'^^'^^^ ^ e*^^ Corynetacrenum 

1 5. The host cell of claim 1 2. wherein the expression of said nucleic acid molecule 
results m the modulation in produCTion of a fine chemical from said cell. 





5 aS^ef ■ ^o-n^'i' compounds, viamim. cofacorS ' 

2 1 . An isolated polypepiide comprising a naturally occurring allelic variant of a 
25 

^ ■ ^">*=8.ou^co..ro^^-S'^^^^^^^ 

30 24. An isolated polypeptide comprising an amino acid sequence which is ai lea^t <;n"/ 

26. The method of claim 25. wherein said method further comorises the sr^n 
recovering the fine chemical from said culture. step of 

40 27. The method of claim 25. wherein said method further comprises the sxeo of 

.^fectmg said cell ^th the vector of claim 11 to resultTa^"llt^^^^ „id 

*5 "'"^"^ - Co.,....c.W.. or 

2P. The method of claim 25. wherein said cell is seWT«.H fr«T« 

Co;>.„rf<,c«.,«™ oc«oaoV*>pA„.^ Cor^e*«„m>„ acaoglu'am'cZ ' 



Corynebacierium acetophilum, Corynebacrenum ammoniagenes, Corynebaatrium 
fujiokense, Corynebacierium nUrilophilus, Brevibaaerium ammoniagenes. 
Brevibaci^rium buronicum, Brtrvibacrerium diyaricaium, Brevibacxerium Jlavum, 
Brevibaaerium healii, Brevibacrerium kerogluiamicum, Brevibaaerium 
kero^'oreducrum, Brevibaaerium lactofermemum, Brevibaaerium linens. 
Brevibaaerium paraffinolyiicum^ and ihose strains sei forth in Table 3. 

30. The method of claim 25, wherein expression of the nucleic acid molecule from said 
vector results in modulation of production of said fine chemical. 

31. The meihod of claim 25, wherein said fme chemical is selected from the group 
consisting of: organic acids, proteinogenic and nonproieinogenic amino acids, purine 
and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 
fatty acids, diols, carbohydrates, aromatic compounds, vitamins, cofaciors, and 
enzymes. ^ ' 

32. The method of claim 25, wherein said fine chemical is an amino acid. 

33. The method of claim 32, wherein said amino acid is drawn from the group consisting 
of: lysine, glutamate, glutaraine, alanine, aspaitaie, glycine, serine, threonine, 
methionine, cysteine, valine, leucine, isoleucine, arginine, proline, histidine, ' 
tyrosine, phenylalanine, and Tryptophan. 

34. A method for producing a fme chemical, comprising culturing a cell whose genomic 
DNA has been altered by the inclusion of a nucleic acid molecule of any one of 
claims 1-9. 
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